U/Pb Zircon Evidence for a Cryptic Suture in the Goochland Terrane, Virginia by Duke, Hope
W&M ScholarWorks 
Undergraduate Honors Theses Theses, Dissertations, & Master Projects 
4-2019 
U/Pb Zircon Evidence for a Cryptic Suture in the Goochland 
Terrane, Virginia 
Hope Duke 
Follow this and additional works at: https://scholarworks.wm.edu/honorstheses 
 Part of the Geology Commons, and the Tectonics and Structure Commons 
Recommended Citation 
Duke, Hope, "U/Pb Zircon Evidence for a Cryptic Suture in the Goochland Terrane, Virginia" (2019). 
Undergraduate Honors Theses. Paper 1314. 
https://scholarworks.wm.edu/honorstheses/1314 
This Honors Thesis is brought to you for free and open access by the Theses, Dissertations, & Master Projects at 
W&M ScholarWorks. It has been accepted for inclusion in Undergraduate Honors Theses by an authorized 













U/Pb Evidence for a Cryptic Suture in the  





Hope Jorgensen Duke 
 
A thesis submitted in partial fulfillment of the requirement  
for the degree of Bachelor of Science in Geology from 

















 ii  
Table of Contents 
 
List of Figures ................................................................................................................ iii 
Abstract .......................................................................................................................... 5 
Introduction .................................................................................................................... 6 
Geologic Setting.............................................................................................................. 9 
Goochland Terrane Stratigraphy .......................................................................................... 12 
Metamorphism and Deformation .......................................................................................... 14 
Methods ............................................................................................................................... 19 
Field..................................................................................................................................... 19 
Lab ....................................................................................................................................... 19 
Results .......................................................................................................................... 24 
State Farm gneiss ................................................................................................................. 24 
18HD-3 ............................................................................................................................ 24 
U.S. Silica Quarry: Montpelier Anorthosite .......................................................................... 32 
18HD-7 ............................................................................................................................ 32 
18HD-11 .......................................................................................................................... 32 
18HD-12 .......................................................................................................................... 36 
Maidens Gneiss Group ......................................................................................................... 37 
18HD-1 ............................................................................................................................ 37 
18HD-5 ............................................................................................................................ 40 
18HD-14 .......................................................................................................................... 41 
Hylas Zone ........................................................................................................................... 43 
18HD-4 ............................................................................................................................ 43 
18HD-13B ........................................................................................................................ 46 
VA17-027TV..................................................................................................................... 48 
Discussion ..................................................................................................................... 51 
Conclusions .................................................................................................................. 55 
Appendix A: U/Pb zircon data …………………………………………………………. 54 














 iii  
List of Figures 
 
Figure 1. Tectonic history of Virginia 
 
Figure 2. Terrane map of Virginia 
 
Figure 3. Map of Goochland Terrane  
 
Figure 4. Modified terrane accretion model  
 
Figure 5. Simplified stratigraphy of the Goochland terrane  
 
Figure 6. Extent of Mesozoic rift basins  
 
Figure 7. Model of normal faulting footwall exhumation  
 
Figure 8. Geologic map of study area with samples  
 
Figure 9. Modified zircon depth profiling  
 
Figure 10. Detailed geologic map with structure data for North Anna dome 
 
Figure 11. Stereonet data for the North Anna Dome 
 
Figure 12. Outcrop photo of 18HD-3 
 
Figure 13. Hand sample photos of 18HD-3 
 
Figure 14. Thin section photos of 18HD-3A 
 
Figure 15. Thin section photos of 18HD-3B 
 
Figure 16. U/Pb zircon data for 18HD-3B 
 
Figure 17. Map of the Montpelier anorthosite quarry 
 
Figure 18. Hand sample photo of 18HD-7 
 
Figure 19. Thin section photos of 18HD-7 
  
Figure 20. Hand sample photo of 18HD-11 
 
Figure 21. Thin section photos of 18HD-11 
 
Figure 22. U/Pb zircon data for 18HD-12 
 
 iv  
Figure 23. Outcrop photo of 18HD-1 
 
Figure 24. Thin section photos of 18HD-1 
 
Figure 25. U/Pb zircon data for 18HD-1 
 
Figure 26. Hand sample photo of 18HD-5 
 
Figure 27. Thin section photos of 18HD-5 
  
Figure 28. Hand sample photo of 18HD-14 
 
Figure 29. Thin section photos of 18HD-14 
 
Figure 30. Hand sample and outcrop photos of 18HD-4B 
 
Figure 31. Thin section photos of 18HD-4B 
 
Figure 32. Thin section photos of 18HD-4D 
 
Figure 33. Outcrop photo of 18HD-13 
 
Figure 34. Hand sample photo of 18HD-13B 
 
Figure 35. Thin section photos for 18HD-13B 
 
Figure 36. U/Pb zircon data for 18HD-13B 
 
Figure 37. Hand sample / outcrop photo of VA17-027TV 
 
Figure 38. Thin section photos of VA17-027TV 
 
Figure 39. U/Pb zircon data for VA17-027TV 
 
Figure 40. Block diagram of 18HD-1 
 
Figure 41. Composite probability density plots of U/Pb zircon ages 
 
Figure 42. Detailed structure map of North Anna dome showing tectonic windows 
 




 5  
Abstract 
 
The Goochland Terrane (GT) forms a distinctive and enigmatic sequence of 
igneous and metamorphic rocks in the east-central Piedmont of Virginia.  Some workers 
argue that the GT is a block of Laurentian crust, whereas others posit it to be an exotic 
terrane with a Gondwanan affinity. The terrane includes Mesoproterozoic granitoid 
gneiss and meta-anorthosite exposed in a series of elongate domes. Neoproterozoic A-
type granitic plutons intrude the older granitoid gneiss.  The domes are structurally 
overlain by a cover sequence with discontinuous bands of amphibolite and a widespread 
but heterogeneous gneissic unit (Maidens Gneiss Group), some of which preserves a 
granulite facies assemblage.  Previous workers infer the contact between the domes and 
cover sequence to be an unconformity or an intrusive contact.  We obtained U/Pb zircon 
ages from five samples and U-Th/He zircon ages from four of those five samples in the 
northern GT using LA-ICP-MS at the UTChron laboratory.  Zircons from the Montpelier 
anorthosite indicate a crystallization age between 1.0-1.1 Ga with metamorphic pulses at 
600-650 Ma and 275-350 Ma.  Granitic gneiss in the core of the North Anna dome yields 
1.0-1.1 Ga core ages and ~300 Ma rim ages. A paragneiss in the cover sequence to the 
west of the North Anna dome includes two populations: a detrital component with ages 
from 770 Ma to 1.7 Ga and metamorphic rims with ages of 400-450 Ma. A felsic gneiss 
in the Hylas Zone at the eastern edge of the GT yields two age populations at ~450 Ma 
and ~300 Ma.  A deformed pegmatite in the Spotsylvania high-strain zone, at the western 
margin of the GT, yields two age populations at 400-475 Ma and 300-375 Ma. We 
propose the high-grade cover sequence was emplaced over Mesoproterozoic rocks during 
the Acadian orogeny, and a previously unrecognized suture frames the GT domes. 
 6  
Introduction 
 
The history of the Earth is marked by cycles of supercontinents that form as 
tectonic plates collided.  These collisions ultimately deform the crust and create mountain 
belts.  Over millions of years, these supercontinents evolve and rift apart to form new 
ocean basins.  The supercontinent paradigm provides a useful framework to study the 
evolution of eastern North America throughout time. During the early Permian about 290 
Ma, the supercontinent of Pangea formed from the collision of Gondwana and Laurentia 
(Figure 1), building the Appalachian Mountains during the Alleghanian orogeny.  Later, 
rifting of Pangea formed the Atlantic Ocean basin in the early Mesozoic around 200 
million years ago. Fault-bounded basins formed on the continental margin as a result of 
this crustal extension in the late Triassic and early Jurassic (Withjack and Schlische, 
2005).   
The Piedmont Province is a geological region in eastern North America between 
the Appalachian Mountains and Coastal Plain sediments.  The Piedmont is comprised of 
terranes, fault-bounded crustal blocks with a distinct lithology and geologic history 
(Figure 2).  The Goochland terrane is an enigmatic complex of metamorphic rocks in the 
eastern Piedmont of central Virginia (Glover et al., 1983; Farrar, 1984).  It is bound to the 
west by the Spotsylvania high-strain zone and to the east by the Hylas high-strain zone, 
both of which are zones of variably deformed gneiss (Gates and Glover, 1988).  Some 
researchers (Farrar, 1984; Glover, 1989; Aleinikoff et al., 1996; Owens and Tucker, 
2003) posit the Goochland terrane is of Laurentian origin based on Mesoproterozoic ages, 
widespread granulite facies metamorphism, and similarities between rocks in the Blue 
Ridge Province.  However, other researchers (Rankin, 1988; Horton et al., 1989; Bailey 
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et al., 2004; Bailey and Owens, 2012; Owens et al., 2015) suggest the Goochland terrane 
is of Gondwanan origin based on differences between adjacent Laurentian terranes, 
evidence of translation to the southwest during the Alleghanian orogeny, and 
metamorphism and deformation ages of 380 - 400 Ma. 
My goal is to understand the structural geometry and deformation kinematics in 
the Goochland terrane by using structure analysis and U/Pb and (U-Th)/He 
geochronology to determine if the Goochland terrane is Laurentian or Gondwanan in 
origin.  Part of the cover sequence of the Goochland terrane has estimated pressure and 
temperature conditions of 10 kilobars and 760°C, and it structurally overlies rocks with 
no signature of such high pressures or temperatures (Owens et al., 2012).  Analyzing 
U/Pb zircon ages in metamorphosed rocks will provide insight into what geologic 
processes occurred.  Additional data from (U-Th)/He analyses of zircon allow for a better 
understanding of low temperature deformation in the terrane.   By understanding both 
high and low-temperature metamorphism and deformation through geochronology, we 
can reconstruct a pressure-time-temperature path for the Goochland terrane.  Combining 
new geochronology data with existing evidence will make the Goochland terrane the 










Figure 1. Generalized geologic history of Virginia.  From Flansburg and Bailey (2016). 
Figure 2. Terrane Map of Virginia.  Modified from Bailey (2016). 




In Virginia, the Piedmont is comprised of many terranes of various origins 
(Figure 2).  Some terranes, like the Blue Ridge, are known to be Laurentian, whereas 
others, including the Carolina terrane, are exotic.  The Goochland terrane is one of these 
exotic and suspect terranes, and its origin has been debated for decades.    
Farrar (1984) interprets the entire Goochland terrane to be of Laurentian origin 
and Grenvillian in age or older due to 1) the Mesoproterozoic age of the State Farm 
gneiss, 2) the presence of granulite-facies metamorphic rocks throughout the terrane, and 
3) the similarities between the Montpelier anorthosite and the Roseland anorthosite in the 
Blue Ridge (Figure 3).  Glover (1989) put forth a model for the accretion of suspect 
terranes that suggests Gondwanan crust was thrust onto Laurentian crust during the 
Taconian orogeny (Figure 4).  In this model, subsequent thrusting during the Alleghanian 
orogeny pushed Laurentian crust overtop of the recently accreted Gondwanan crust, 
juxtaposing the Chopawamsic terrane next to the Goochland terrane along the 
Spotsylvania high-strain zone (HSZ).  Glover (1989) interprets the Spotsylvania HSZ to 
be a thrust fault and the Goochland terrane to be wholly Laurentian.  
However, other research (Rankin, 1988; Horton et al., 1989; Bailey et al., 2004; 
Bailey and Owens, 2012; Owens et al., 2015) suggest the Goochland terrane is of 
Gondwanan affinity.  Bailey et al. (2004) performed a vorticity and strain analysis on 
rocks from the Spotsylvania HSZ and found the Goochland terrane experienced at least 
300 kilometers of displacement to the southwest during the Alleghanian orogeny.  These 
results suggest the Spotsylvania HSZ is a zone of transpression, placing the terrane in 
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northeastern North America prior to the Alleghanian orogeny.  Shirvell et al. (2004) used 
U-Th/Pb monazite geochronology and obtained metamorphic core ages of 387 Ma with 
metamorphic rim ages of 297 Ma.  Owens et al. (2010) used U/Pb zircon geochronology 
and obtained weighted mean ages ranging from 403 Ma to 386 Ma for three samples 
from the Maidens Gneiss Group.  If these are crystallization ages, the Maidens Gneiss 
Group is not Mesoproterozoic in age, supporting previous studies from Poland (1976) 






Figure 3. Map of the Goochland terrane from Farrar (1984).  Note the three domes of 
State Farm gneiss in the eastern part of the terrane. 
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Goochland Terrane Stratigraphy 
A suite of metamorphic rocks, previous workers (Poland, 1976; Bobyarchick and 
Glover, 1979; Farrar, 1984) originally mapped the Goochland terrane with four distinct 
units: the State Farm gneiss, the Sabot amphibolite, the Maidens Gneiss Group, and the 
Montpelier anorthosite (Figure 5).   The Goochland terrane is bound to the west by the 
Spotsylvania HSZ and to the east by the Hylas HSZ.  The Spotsylvania HSZ is a 10 
kilometer wide mylonite zone characterized by northeast-striking foliation and mineral 
elongations plunging northeast and southwest (Farrar, 1984).  The Hylas HSZ exhibits 
ductile strain and brittle-ductile transition features and has been mapped as a monolithic 
zone of mylonite (Gates and Glover, 1989). 
 
Figure 5. Simplified 
stratigraphy of the Goochland 
terrane.  Modified from 
Bailey and Owens (2012). 
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The State Farm gneiss, originally defined by Brown (1937), is a heterogeneous 
coarse-grained granitoid gneiss and is structurally the lowest unit in the terrane (Owens 
and Tucker, 2003).  Owens and Tucker (2003) obtained a 1020-1050 Ma U/Pb zircon age 
and they interpret it to be an igneous crystallization age, so it is coeval with Grenville 
magmatism. A-type granitic plutons around 630 Ma intruded the State Farm gneiss and 
are absent from other units in the terrane (Owens and Tucker, 2003).   
The Sabot amphibolite surrounds doubly-plunging domes of State Farm gneiss on 
the eastern side of the terrane (Martin and Owens, 2012).  Using U-Th-Pb methods, 
Martin and Owens (2012) interpret a weighted mean core age of 552 ± 11 Ma to be a 
crystallization age, with rim ages of 410 - 450 Ma representing Acadian 
metamorphism.  Martin and Owens (2012) tested bulk rock chemistry of fine-grained 
felsic layers within the Sabot amphibolite and found a bimodal nature with A-type 
characteristics of rhyolite, suggesting magmatism consistent with Iapetan rifting around 
600 Ma.   
The Maidens Gneiss Group, first recognized by Poland (1976), overlies the State 
Farm gneiss; it is a heterogeneous sequence of rocks comprised of biotite schists, kyanite-
potassium feldspar gneiss, mylonite, and other strongly deformed rocks (Poland, 1976; 
Farrar and Owens, 2001). Poland (1976) suggested the protolith of the Maidens Gneiss 
Group was a sequence of graywackes interbedded with other sedimentary rocks and 
volcanic extrusions.  U-Th-Pb monazite ages of 380 Ma indicate the Maidens Gneiss 
Group experienced granulite facies metamorphism during the Acadian orogeny (Shirvell 
et al. 2004).   
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The Montpelier anorthosite is one of the most potassic anorthosites on Earth, with 
striking similarities to the Roseland anorthosite in the Blue Ridge Province (Farrar and 
Owens, 2001; Owens and Dymek, 2016).  Aleinikoff et al. (1996) interpret the 
anorthosite intruded the State Farm gneiss and Maidens Gneiss Group with a 1045 ± 11 
Ma U/Pb zircon crystallization age and a 1011 ± 2.2 Ma U/Pb zircon metamorphic age.  
The presence of quartz as a common secondary mineral suggests these massifs are not 
sourced from an undersaturated alkali basalt, and it is possible alkalic lithospheric mantle 
or lower crust could contribute to the massifs (Owens and Dymek, 2016).  Owens and 
Dymek (2016) argue that the Montpelier and Roseland anorthosites are late- to post-
tectonic given that most other Grenville anorthosites are 100 Ma older.  The Maidens 
Group surrounds the Montpelier anorthosite on all sides, but the relationship between the 
two units is unclear (Owens and Dymek, 2016).  Weems (1985) suggests the Maidens 
Gneiss Group unconformably overlies the anorthosite, contrary to  If this is the case, the 
State Farm gneiss protolith and Montpelier anorthosite were emplaced prior to Grenville 
metamorphism around 1 Ga.   
 
Metamorphism and Deformation 
 The terrane as a whole exhibits evidence of two metamorphic events that reached 
granulite-facies and amphibolite-facies (Farrar, 1984).  Farrar (1984) interpreted the 
granulite-grade event to be responsible for orthopyroxene, two-pyroxene, and garnet and 
clinopyroxene granulite gneisses as well as potassium feldspar and sillimanite-bearing 
pelitic gneisses.  The presence of four different anhydrous mafic mineral assemblages 
suggests four different phases of granulite-facies metamorphism (Farrar, 1984).  These 
assemblages indicate the Goochland terrane experienced pressure and temperature 
 15  
conditions of 7.5-9.0 kilobars and 750-850°C during the granulite-facies event and 5.0-
7.0 kilobars and 550-650°C during the amphibolite-facies event (Farrar, 1984).  The 
amphibolite event that followed recrystallized about 90% of the granulite-facies rocks, 
hydrating pyroxene to create biotite and amphibole.  Deformational events produced 
penetrative foliation and folds throughout the terrane (Farrar, 1984).  
The Hylas HSZ is a 0.5 - 2.5 kilometer wide zone of variably mylonitized gneiss 
that bounds the Goochland terrane to the east (Gates and Glover, 1988).  Rotated 
porphyroclasts, shear bands, and quartz ribbons are indicators of ductile strain within the 
high-strain zone.  Gates and Glover (1988) interpret dextral movement within the Hylas 
HSZ started with the emplacement of the Petersburg Granite around 330 Ma.  The Fork 
Church fault bounds the Hylas HSZ to the east and is the border fault for the Taylorsville 
basin to the east (Bobyarchick and Glover, 1979; Horton et al., 2016).  The fault damage 
zone is heavily fractured, with a dominant fracture set striking northeast parallel to to the 
fault (Horton et al., 2015). 
Little evidence remains of the Grenville, Taconian, and Acadian orogenies that 
preceded the Alleghanian; amphibolite facies metamorphism during the Alleghanian 
overprinted previous structures and fabrics (Glover et al., 1983).  Shirvell et al. (2004) 
and Owens et al. (2010) used monazite from the Maidens Gneiss Group to identify a 
metamorphic event around 380 Ma, suggesting granulite-facies metamorphism was not 
limited to the Grenville orogeny like Farrar (1984) suggested.   Part of the Maidens 
Gneiss Group experienced high pressures and temperatures that formed a kyanite-
potassium feldspar assemblage, but the age of this event is debated.   
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Mesozoic Rift Basins 
 A series of basins formed from northern Florida to offshore Newfoundland during 
rifting of Pangea, which started in the Jurassic around 240 Ma (Hentz, 1985).  Mesozoic 
basins are bound by high-angle normal faults and contain sedimentary rocks such as 
conglomerate, sandstone, and mudstone (Hentz, 1985).  The Newark Supergroup consists 
of these sedimentary rocks, which crop out in Mesozoic basins that range from present 
day Nova Scotia to South Carolina (Figure 6; Smoot, 1991).  The Richmond and 
Taylorsville basins in Virginia formed adjacent to the Hylas HSZ in the early Triassic, 
accumulating sediment for a shorter interval than basins to the north, which accumulated 
sediments over the course of 20 million years (Cornet, 1977; Enomoto, 2013).  The 
youngest sediments in the Richmond basin are ~225 Ma whereas the youngest sediments 
in the Taylorsville basin are ~210 Ma (Enomoto, 2013).  These two basins, unlike most 
other Mesozoic basins, are dominated by gray sandstones, black shales, and coal; 
additionally, desiccation features are rare because of a moist climate during deposition, 
suggesting episodic tectonics as the dominant control on basin formation (Ressetar and 
Taylor, 1988). 
 Three episodes of sedimentation occur in the Richmond and Taylorsville basins 
(Ressetar and Taylor, 1988).  The oldest sequence in each basin was deposited by debris 
flows and alluvial fans, as indicated by lithic conglomerates and sandstones, braided 
stream deposits, and bioturbation (Ressetar and Taylor, 1988; Smoot, 1991).  The second 
episode of sedimentation occurred under fluvial conditions, with braided and meandering 
stream deposits, floodplain lakes, and local streams (Smoot, 1991).  The fluvial facies 
progressed into lacustrine facies, evidenced by shallow and deep lake deposits, mudflats, 
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evaporites, and organic material (Smoot, 1991).  The uppermost sequence in the 
Richmond and Taylorsville basins is dominated by braided stream and deltaic deposits 
(Smoot, 1991).  A time of renewed tectonism during the mid-Triassic defined the western 
border fault of both basins along the Hylas HSZ (Ressetar and Taylor, 1988; Smoot, 
1991).  Some basins in present day Virginia have coal beds ranging from less than one 
meter thick to several meters thick in the Richmond basin (Smoot, 1991).  Diabase dikes 
intruded basin sediments during the early Jurassic about 201 Ma (Sutter, 1988).   
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Figure 7. Model of normal faulting footwall exhumation.  Sampling target area covers 
paleodepths exhumed by faulting.  Detailed (U-Th)/He thermochronological sampling would 
yield ages that explain the exhumation history of the fault blocks. Modified from Stockli (2005). 
Figure 6. Location of Mesozoic rift basins in eastern North America.  From Smoot (1991). 
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Methods 
Field 
A suite of samples was collected along the North Anna River, which spans the 
width of the entire Goochland terrane, and at the U.S. Silica quarry in Montpelier, 
Virginia (Figure 8).  Structural data were also collected along the Little River, 
approximately three kilometers south of the North Anna.  Geographic coordinates were 
collected at each location using the Universal Transverse Mercator system in zone 18, 
providing a detailed spatial relationship between samples.  Samples were assigned an 
identification starting with 18HD, followed by the site of the sample.  In total, I collected 
from 20 sites, and multiple samples from the same site were denoted with letters, such as 
18HD-3a and 18HD-3b.  I also used samples collected by Jennie Latane (2016) and 
Zachary Foster-Baril (2017).  I used a Brunton Compass to measure the orientation and 
direction of planar features and the trend and plunge of linear features at each site.  I 




Thin sections from samples were produced by Spectrum Petrographics.  Most thin 
sections were standard, but some were polished for analysis with an electron 
microprobe.  They were analyzed for mineral content and microstructures.  For oriented 
field samples, the thin sections were referenced onto the rock from which they were cut 
to reconstruct the actual orientation of the observed structures.  A Nikon thin section 
scanner and a Canon DSLR T6i camera fixed to the petrographic microscope were used 
to photograph the thin sections.





Figure 8. Geologic map of study area within the Goochland terrane with sample locations. 
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U/Pb, and (U-Th)/He dating techniques are used to reconstruct 
thermochronological histories (Stockli, 2005).  U/Pb geochronology is commonly used 
for discerning crystallization and metamorphic ages for older rocks, and zircon (ZrSiO4) 
is the most commonly dated mineral (Hatcher and Bailey, 2019).  Zircon crystallizes at 
high temperatures around 900°C in most felsic to intermediate rocks, and it typically 
contains some uranium (Hatcher and Bailey, 2019).  As time passes, these uranium 
isotopes decay into lead, a stable daughter isotope.  There are two isotopic systems with 
different half-lives:  238U → 206Pb (T1/2 = 4.46 Ga) and 235U → 207Pb (T1/2 = 704 Ma).  The 
ratios of uranium to lead are measured within a grain, and ideally both systems will yield 
the same age. 
Mineral separation and analyses were completed at the UTChron laboratory at 
The University of Texas at Austin.  Some hand samples were preserved, and the 
remainder of each sample was crushed and pulverized.  A Gemini water table was used to 
sort out heavy minerals from the pulverized samples, followed by bromoform heavy 
liquid, multi-step Frantz magnetic separation, and methylene iodide heavy liquid.  About 
40 zircon grains per sample were picked and mounted onto double-sided tape on an 
epoxy mount for U/Pb dating.  Individual grains were depth profiled to recover rims and 
cores during signal analysis (Figure 9).  An algorithm calculates whether or not a single 
grain has yielded two ages; this data is then used to create core-rim plots to help visualize 
the data.  Mounts were analyzed with laser ablation inductively coupled mass 
spectrometry (LA-ICP-MS) using a PhotonMachine Analyte G.2 excimer in conjunction 
with a ThermoElement2 ICP-MS.  The reference standards are GJ1 (TIMS age of 603 ± 
1.0 Ma) and Plesovice (TIMS age of 337.13 ± 0.37 Ma) and they are reproducible within 
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a 2! error (Slama et al. 2008; Meng et al. 2010).  The UT Chron laboratory uses 238U/206Pb 
ages for grains younger than 850 Ma and 207Pb/206Pb ages for grains older than 850 
Ma.  Reported ages all have a 2! discordance value associated.  In addition to U/Pb 
zircon ages for five samples, four samples have U/Pb titanite ages, three samples have 
U/Pb apatite ages, and two have U/Pb rutile ages. 
Some methods can be used to determine the timing of fault slip because as 
footwall rocks are exhumed and cooled, minerals pass through closure 
temperatures.  With major slip in a normal fault, there will be progressively younger ages 
from samples along the traverse (Figure 7).  Over time as the rocks are exhumed and pass 
through the helium partial retention zone (He PRZ), different ratios of (U-Th)/He will be 
recorded, providing a thermochronological record.  (U-Th)/He is also useful for 
understanding geologic processes in the upper three kilometers of crust (Stockli, 2005). 
With low closure temperatures ranging from 120°C to 240°C, (U-Th) bearing minerals 
such as titanite, zircon, monazite, and xenotime can be used to understand the 
exhumation history of the host rocks (Stockli, 2005). 
As 4He is produced from the radioactive decay of 238U, 235U, and 232Th, it travels 
through the crystal lattice before stopping after some distance (Farley et al., 1996; Hart, 
2015). If 4He is produced at the rim of the grain, it can leave the lattice; this loss is 
accounted for using mineral density and crystal geometry measurements (Farley et al., 
1996).  Ideally, the zircon grains picked for (U-Th)/He thermochronometry were euhedral 
and at least 70µm wide.  These grains were carefully measured to calculate the alpha-
ejection correction (Farley et al. 1996).  The grains were packed in platinum packets and 
degassed with a Photomachine Diode Laser, and the ratio of 3He/4He gas was measured 
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with a Blazer Prisma QMS-200 quadrupole mass spectrometer.  To determine 
concentrations of U, Th, and Sm within each grain, grains were dissolved using 
hydrofluoric acid, nitric acid, and hydrochloric acid in digestion vessels over the course 
of 4 days.  After dissolution, the remaining solutions were analyzed for U, Th, and Sm 
concentrations using a Thermo Element2 ICP-MS.  Helios software is used to account for 
the alpha ejection correction in the final age, and 2! errors are based on the 




Figure 9. Model of zircon depth-profiling during age analysis. Modified from the UT Chron Lab (2019). 
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Results 
 
 We collected samples along the North Anna River and from the U.S. Silica quarry 
in Montpelier, Virginia. Structure measurements were combined with previous data from 
Weems (1985) and Latane (2016) to produce a comprehensive structural map of the 
northern portion of the Goochland terrane (Figure 10).  Foliation measurements from 
outcrops along the North Anna River at the northern flank of the North Anna dome 
average 280° 10° N and a fold axis measures 013° 05° (Figure 11).  Foliation 
measurements from the southern flank of the dome average 270° 20° S and a fold axis 
measures 188° 14° (Figure 11).  While (U-Th)/He ages were obtained, we only report 
U/Pb zircon ages. 
State Farm gneiss 
18HD-3  
 Sample 18HD-3 is from an outcrop ten meters south of the North Anna River at 
0276535 E 4199835 N (Figure 12).  There are two samples from this outcrop: 18HD-3A 
and 18HD-3B.  Sample 18HD-3A is a fine grained granitic gneiss with potassium 
feldspar, quartz, biotite, garnet, and apatite, with a well-defined foliation and some garnet 
porphyroblasts up to two millimeters (Figure 13a).  The other sample, 18HD-3B, is a 
mylonitic granitic gneiss and is light gray with potassium feldspar, plagioclase, quartz, 
biotite, and garnet porphyroblasts up to two centimeters (Figure 13b). Boudins of up to 
15 centimeters form in the same plane as foliation, which averages 015° 17° SE, and 
lineation 178° 7°.  The boudins and smaller pegmatite porphyroclasts preserve top-to-the-
south/southwest shear. 
 25  
 
 
 Figure 10. Detailed structure map with data from Duke (2019), Latane (2016), and Weems (1985).  Full extent of Coastal Plain sediments is not shown in order to show 
geometry of the gneiss dome. 




Figure 11. Stereonets displaying poles to foliation for different locations of the dome.   








Figure 12. Outcrop photo of 18HD-3.  Mylonitic granitic gneiss – light gray, 
potassium feldspar, plagioclase, quartz, biotite, garnet porphyroblasts (up to 
2cm) boudins (up to 15cm), strong foliation and lineation.  Boudins preserve 
top to the south southwest shear.  
Figure 13a. Hand sample of 18HD-3A.   Fine grained granitic gneiss – light gray, 
potassium feldspar, plagioclase, quartz, biotite, well foliated.
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Biotite is foliation-forming in 18HD-3A and dominates towards the bottom of the 
thin section.  Quartz ribbons are polygonal and up to 1cm long and 0.1cm thick.  Few 
garnet grains (0.2 - 0.5cm) have inclusions of quartz.  Plagioclase shows albite and tartan 
twinning, both of which are deformation features.  There is one zircon with a pleochroic 
halo within a biotite grain (Figure 14).  The thin section of 18HD-3B demonstrates top-
to-the-south/southwest shear, and the biotite is foliation-forming (Figure 15).  Garnet 
grains (0.5cm) experienced some nucleation and bulging during recrystallization, and 
both grains have biotite tails.  Plagioclase exhibits albite and tartan twinning in cross 
polarized light.   
Figure 14b. Hand sample of 18HD-3B.   Coarse-grained granitic gneiss – light gray, 
potassium feldspar, plagioclase, quartz, biotite, garnet porphyroblasts (up to 2cm) in 
plane of foliation.
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Figure 14. Thin section photos of sample 18HD-3A. A) Full scan of the thin section in 
XPL.  Mineralogy is predominantly potassium feldspar, plagioclase,  and quartz, with some 
biotite and garnet. B) Zircon with pleochroic halo in biotite grain.  View is in XPL. C) Garnet 
with inclusions in PPL.  
 





U/Pb zircon data for 18HD-3B from the UT Chron laboratory yields two 
populations of 1.0 - 1.2 Ga ages and 200 - 350 Ma ages (figure 16).  A total of 40 grains 
were analyzed for 49 ages, and 81.6% of ages fell within the 1.0 - 1.2 Ga population 
whereas 18.4% of ages fell within the 200 - 350 Ma population.  The core ages overlap 
completely with 1020 - 1050 Ma U/Pb zircon ages from Owens and Tucker (2003). 
Figure 15. Thin section photos of sample 18HD-3B. A) Full scan of the thin section in 
PPL.  Garnet porphyroblasts are up to 0.5 centimeters with biotite tails. B) Strongly deformed garnet 
with inclusions.  View in PPL. C) Zircons in PPL.  Notice elongate, euhedral shape.   
 
  
















Figure 16. U/Pb zircon ages from 40 grains in 18HD-3B.  Top diagram is a histogram of ages, 
whereas bottom diagram is a core-rim plot of ages. Abbreviations above gray bars correspond to 
orogenies.  GREN = Grenville, AC = Acadian, AL = Alleghanian. 
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U.S. Silica Quarry: Montpelier Anorthosite  
18HD-7  
 We used field observations and photos to construct a map of the Montpelier 
anorthosite at the U.S. Silica quarry in Montpelier, Virginia (Figure 17).  Sample 18HD-7 
was collected from the second bench in the western pit of the U.S. Silica quarry in 
Montpelier, Virginia at 0261163 E 4183995 N.  The sample was collected from a waste 
pile and is not oriented with fabric measurements (Figure 18).  This metamorphosed 
anorthosite is primarily plagioclase and quartz with large rutile porphyroblasts up to a 
centimeter in size.  It has a well-defined foliation, with rutile and sphene as common 
foliation forming minerals.  A thin section of this sample shows albite and tartan twinning 
in plagioclase, with mostly euhedral grains.  There is some bulging into the rutile grains, 
and tails on the rutile porphyroblasts indicate top-to-the-left shear during plastic 
deformation (Figure 19).   Sphene is present at the grain boundaries of rutile. Owens and 
Dymek (2016) posit an igneous origin for the rutile based on sharp boundaries between 
rutile and ilmenite. 
 
18HD-11 
 Sample 18HD-11 was collected from the eastern pit of the U.S. Silica quarry at 
0261662 E 4183826 N (Figure 20).  This mylonitic anorthosite gneiss is primarily 
plagioclase and quartz with some titanite.  Porphyroclasts of plagioclase up to half a 
centimeter preserve a sense of shear.  In thin section, there are two large perthitic grains 
(up to 1cm) and there is some bulging into the grain boundaries of the two grains (Figure 
21). Other plagioclase grains are euhedral and equigranular, with cross-cutting quartz 
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ribbons (2cm long) and titanite that form foliation.  Titanite is present with plagioclase 


































































Figure 19. Thin section photos of sample 18HD-7. A) Full scan of thin section in PPL. 
Metamorphosed rutile is in a matrix of recrystallized plagioclase and quartz. B) Sphene on grain 
boundary of rutile.  View is in PPL at 5x optical zoom. C) Bulging into grain boundary of rutile.  




Figure 18. Thin section photos of sample 18HD-7. A) Full scan of thin section in PPL. 
Metamorphosed rutile is in a matrix of recrystallized plagioclase and quartz. B) Sphene on grain 
boundary of rutile.  View is in PPL at 5x optical zoom. C) Bulging into grain boundary of rutile.  









Figure 20. Hand sample of 18HD-11.  Mylonitic anorthosite gneiss – plagioclase, 
quartz, and titanite, porphyroblasts up to 1cm in plane of foliation. Plagioclase 




Figure 21. Thin section photos of sample 18HD-11. A) Full scan of thin section in XPL. 
Recrystallized plagioclase and quartz ribbons are abundant.  Large perthite grains are evident.  
B) Grain boundary of perthite grain showing signs of bulging.  View is in XPL. C) Titanite in 
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18HD-12  
 Sample 18HD-12 comes from heavy mineral sands processed at the U.S. Silica 
quarry at 0261342 E 4183319 N.  The U/Pb zircon data from the UT Chron laboratory 
yields 775 Ma - 1.05 Ga, 600 Ma - 650 Ma, and 275 Ma - 450 Ma ages (figure 22). A 
total of 38 grains were analyzed but two did not yield ages.  Forty seven percent of ages 
fell within the 775 Ma - 2.4 Ga population, 11.1% of ages fell within the 600 Ma - 650 
Ma population, and 41.2% of ages fell within the 275 Ma - 450 Ma population.  U/Pb 
zircon ages from 18HD-12 at the Montpelier anorthosite are consistent with Grenville 
magmatism. The pulse around 630 Ma likely corresponds to emplacement of 
Neoproterozoic A-type granites in the Goochland terrane (Owens and Tucker, 2003). 
Another large pulse around 300 Ma is consistent with the Alleghanian orogeny, and we 
interpret this to be what formed the foliation in samples 18HD-7 and 18HD-11 from the 





Figure 22. Histogram of U/Pb zircon ages from 18HD-12.  Thirty-eight grains were analyzed, and 




 37  
Maidens Gneiss Group 
18HD-1  
 Sample 18HD-1 is from an outcrop about 100 meters southeast of Butler Bridge, 
which is west northwest of Doswell, Virginia at 0274909 E 4201781 N (Figure 23).  It is 
a pelitic gneiss that is light gray with feldspar, quartz, biotite, garnet, rutile, and kyanite 
and has previously been mapped as the Maidens Gneiss Group (Poland, 1976; Farrar and 
Owens, 2001). There is a strong foliation that averages 282° 19° N, and some isoclinal 
recumbent folds are refolded as seen on the east-facing side.  Jennie Latane (2016) 
measured a lineation of 280° 06°, nearly parallel to the foliation orientation.  The kyanite-





Alternating quartz/plagioclase and biotite/garnet bands are dominant in thin 
section and preserve signs of brittle deformation. Quartz grains are anhedral to subhedral 
up to 0.75cm long.  The thin section shows a dominant biotite/garnet foliation which 
Figure 23. Outcrop of 18HD-1.  Pelitic gneiss – light gray, potassium feldspar, quartz, biotite, 
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coincides with foliation seen at the outcrop scale (Figure 24).  Biotite tails on garnet show 
ductile behavior and garnet is mostly euhedral. There may be two generations of biotite, 
one of which has been preferentially replaced with chlorite, indicative of retrogression. 
Kyanite grains up to 0.2cm long are also present throughout. Fractures are parallel to the 
long axis of the thin section.    
 U/Pb zircon data from the UT Chron laboratory yields ages from 725 Ma to 1.7 
Ga and 350 - 475 Ma (Figure 25). A total of 40 grains were analyzed yielding 65 ages, 
where 58.5% of ages fell within the 725 Ma - 1.7 Ga population whereas 41.5% of ages 
fell within the 350 - 475 Ma population.  The 725 Ma - 1.7 Ga population represents old, 






Figure 24. Thin section photos of sample 18HD-1. A) Full scan of the thin section in XPL. Note 





















Figure 25. U/Pb zircon ages from 40 grains in 18HD-1.  Top diagram is a histogram of ages, 
whereas bottom diagram is a core-rim plot of ages. Abbreviations above gray bars correspond to 
orogenies.  GREN = Grenville, AC = Acadian, AL = Alleghanian. 
 
  
 40  
18HD-5 
 Sample 18HD-5 is from an outcrop just south of the North Anna River and next to 
Landora Bridge at 0272986 E 4203427 N.  This garnet biotite schist is dark gray with 
biotite, muscovite, garnet porphyroblasts up to half a centimeter, quartz, and kyanite, and 
it is mineralogically similar to 18HD-1 (Figure 26).  It has previously been mapped as the 
Maidens Gneiss Group (Poland, 1976; Farrar and Owens, 2001).  A strong foliation 
averages 021° 28° WNW and a lineation at 010° 05°. 
 In thin section, muscovite and biotite form the foliation.  Garnet porphyroblasts 
(up to 0.2cm) show some bulging and nucleation, and they indicate a top-to-the-right 
shear.  Biotite has been preferentially replaced by chlorite, suggesting hydration during 
retrogression (Figure 27).  The garnet-biotite assemblage is indicative of an amphibolite 
facies event.  In the lowest centimeter of the thin section (Figure 27a), muscovite 
completely surrounds quartz.  The presence of kyanite indicates this rock experienced 
high temperatures and pressures. 
 
Figure 26. Hand sample of 18HD-5.  
 
  






 Sample 18HD-14 is from an outcrop on the south side of the North Anna River at 
0266494 E 4208247 N.  This weakly foliated amphibolite is white to dark gray in color 
with amphibole, plagioclase, pyroxene, and epidote (Figure 28).  In thin section, 
plagioclase shows deformation twins under cross polarized light.  Clinopyroxene is 
abundant and coincides with amphibole.  Epidote is also evident under cross polarized 
light  (Figure 29).  The inequigranular-interlobate fabric is comprised of mostly anhedral 
grains of amphibole, plagioclase, clinopyroxene, and amphibole.   
Figure 27. Thin section photos of sample 18HD-5. A) Full scan of thin section in PPL.  Garnet and 
biotite are abundant, as are quartz ribbons.  There is also muscovite in the lower third. B) Garnet 











Figure 28. Hand sample of 18HD-14.  Amphibolite – dark gray, amphibole, plagioclase, pyroxene, 
and epidote.  Weakly foliated.  
 
  
Figure 29. Thin section photos of sample 18HD-14. A) Full scan of thin section in PPL.  Abundant 
amphibole, clinopyroxene, and plagioclase. B) Deformed clinopyroxene in PPL. C) Amphibole in PPL.  
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Hylas Zone 
18HD-4  
 Sample 18HD-4 is from an outcrop in the Fork Church Fault Zone at 0280847 E 
4196717 N.  Outcrop 18HD-4 has four subsamples: 4A and 4B are hornblende-rich 
gneisses, 4C is a breccia from the fault zone, and 4D is a mylonite.  Sample 18HD-4B 
was collected 10 meters west of the fault zone, and it is a hornblende gneiss light to dark 
gray in color with hornblende, plagioclase and quartz (Figure 30).  On the top surface of 
the outcrop, foliation measures 050° 45° NW and on the bottom surface, it measures 060° 
75° NW.  Sample 18HD-4D was collected in the fault zone and is abundant in 
plagioclase and quartz with pseudotachylyte veins and an locally a mylonitic texture.  
Pseudotachylite is abundant throughout the fault zone, indicating brittle deformation 
(Hollis and Bailey, 2012). These rock types are characteristic of the Hylas HSZ. 
 In thin section 18HD-4B, plagioclase and amphibole are equigranular (Figure 
31).  Fractures are parallel to subparallel to the short axis of the thin section and filled 
with pseudotachylyte.  Individual grains preserve brittle deformation. Brittle deformation 
features are dominant in thin section for 18HD-4D, and a seriate-interlobate texture is 
preserved (Figure 32).  Pseudotachylyte veins crosscut the whole thin section. 
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Figure 30. Hand sample and outcrop 
photos of 18HD-4B. Hornblende-rich 
gneiss is is light gray with hornblende, 
plagioclase, and quartz.  Outcrop photo 









Figure 31. Thin section photos of sample 18HD-4B. A) Full scan of thin section in XPL.  
Amphibole and plagioclase are abundant. B) Vein of pseudotachylite in XPL. C) Fractured grain of 
twinned plagioclase in XPL.    







Figure 32. Thin section photos of sample 18HD-4D.  a) Full scan of thin section in XPL.  Quartz and 
plagioclase are abundant, with several brittle deformation features. B) Vein of pseudotachylyte 
surrounded by strongly deformed grains of quartz and plagioclase. View is in XPL. C) Strongly 
deformed quartz grain in XPL. 
 
 
   
. 
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18HD-13B 
Sample 18HD-13B is from an outcrop 100 meters southeast of a bridge on the 
North Anna River between Spotsylvania and Louisa counties at 0262973 E 4210644 
N.  It is a granitic gneiss with quartz, plagioclase, muscovite, and biotite and it was 
intruded by a granitic pegmatite (Figure 33).  Potassium feldspar porphyroblasts are up to 
four centimeters in size (Figure 34).  The age of the pegmatite represents the maximum 
age of deformation.  In thin section, plagioclase shows nucleation and bulging.  Quartz 
and plagioclase grains are anhedral to subhedral and up to 0.75cm long (Figure 
35).  Mica is both within and between quartz grains.  Fractures are subparallel to the short 
axis of the thin section.   
U/Pb zircon data for the pegmatite from the UT Chron laboratory yields two 
populations of 300 - 375 Ma and 400 - 475 Ma (Figure 36).  A total of 38 grains were 
analyzed for 43 ages and 48.8% of ages fell within the 300 - 375 Ma population whereas 
51.2/% of ages fell within the 400 - 475 Ma population. 
 
Figure 33. Outcrop photo of 18HD-13.  Granitic gneiss with quartz, plagioclase, muscovite, and 
biotite; boudins of granite pegmatite up to 1m long; porphyroclasts preserve top to the south 
southwest sense of shear.  Top of photo is west.  
  
SW NE 






Figure 34. Hand sample of 18HD-13B. Granite pegmatite – quartz, potassium feldspar, 




Figure 35. Thin section photos of sample 18HD-13B. A) Full scan of thin section in XPL. 
Dominated by quartz and plagioclase, with some biotite. B) Altered biotite in XPL. C) Quartz and 
plagioclase in XPL. 












 Sample VA17-027TV comes from the eastern side of the Hylas HSZ just south of 
the North Anna River at 0280847E 4196717N (Figure 37).  This light gray mylonite has 
quartz, plagioclase, amphibole, biotite, and muscovite (Figure 37).  The thin section 
shows alternating quartz and feldspar layers, with some evidence for chloritized biotite. 
(Figure 38).  With the exception of elongate quartz ribbons up to 1.5cm, the fabric is 
granoblastic.  Some plagioclase was altered to sericite (Figure 38b).   
U/Pb zircon data for VA17-027TV from the UT Chron laboratory yields ages 
from 225 Ma - 300 Ma, 300 Ma - 400 Ma, and 400 Ma - 520 Ma (Figure 39).  A total of 
133 grains were analyzed yielding 143 ages.  Ten and a half percent of ages fell within 
the 225 Ma - 300 Ma population, 45.5% of ages are within the 300 Ma - 400 Ma 
population, and 44% of ages are within the 400 Ma - 520 Ma population. 
Figure 36. Histogram of U/Pb zircon ages from 38 grains in 18HD-13B.  
 
  








Figure 37. Top: Outcrop photo of VA17-027TV. View to the south of the felsic mylonitic gneiss. 












Figure 38. Thin section photos of -027TV. A) Full scan of thin section in XPL.   
B) Sericite in XPL. C) Quartz ribbons in XPL. 
 








Figure 39. Histogram of U/Pb zircon ages from VA17-027TV.  
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Discussion 
Debate among researchers over the origin of the Goochland terrane has produced 
decades of geochronological and structural data. Structural measurements, field 
observations, and U/Pb and (U-Th)/He geochronology techniques help constrain 
exhumation of the Goochland terrane providing insight into its deformation history. 
U/Pb zircon ages of the State Farm gneiss at outcrop 18HD-3 are consistent with 
Grenvillian magmatism with a Paleozoic overprint.  We infer the Paleozoic ages 
correspond with the foliation and boudins.  Samples 18HD-6 through 12 are from scrap 
piles at the U.S. Silica quarry, and they preserve both coarse and fine-grained 
characteristics of the Montpelier anorthosite.  The finer-grained, well-foliated anorthosite 
samples are from the edge of the dome, whereas coarser samples are from lenses in the 
center of the dome.  Inclusions of country rock in the anorthosite near the edges of the 
massif indicate intrusion into the surrounding State Farm gneiss (Aleinikoff et al., 
1996).   
Sample 18HD-1 has a kyanite-potassium feldspar assemblage, which forms at 
relatively high temperatures and pressures of seven to nine kilobars and 650°C to 750°C; 
the absence of this assemblage in the State Farm gneiss indicates the Maidens Gneiss 
Group experienced higher temperatures and pressures.  In outcrop, the heavily deformed 
fabric preserves signs of refolded folds, indicating this rock experienced at least two 
deformational events (Figure 40).  On the north-facing side, thin oblong lenses indicate 
sheath folds, with hooks of folds on the east-facing side.   
Sample VA17-027TV is a felsic mylonitic gneiss and was collected about 20 
meters south of 18HD-4 from a cliff on the North Anna River.  We interpret the oldest 
early Paleozoic ages to be crystallization ages for the mylonite protolith, which suggests a 
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non- Laurentian origin.  Several zircon rim ages around 300 Ma suggest partial re-





The Spotsylvania HSZ at the western extent of the Goochland terrane yields two 
dominant populations of 300 - 375 Ma and 400 - 475 Ma.  The older 400 - 475 Ma 
population is consistent with activation of the Spotsylvania HSZ during the Taconian and 
Acadian orogenies, with subsequent deformation and metamorphism during the 
Alleghanian orogeny.   
When U/Pb zircon ages from the State Farm gneiss, Montpelier anorthosite, 
Maidens Gneiss Group, and Hylas HSZ are compared, age relationships outlined above 
are easier to see (Figure 41).  Probability density plots use the 2 sigma error value to 
determine the probability that a population of grains is of a certain age.  The State Farm 
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gneiss has a high probability of a Grenvillian zircon signature with an Alleghanian 
Paleozoic overprint.  The large Grenvillian zircon population with an Alleghanian 
overprint supports that the terrane is Laurentian in origin.  The Montpelier anorthosite has 
a probability of a late Grenvillian crystallization age, with metamorphic ages correlating 
to pluton emplacement ~630 Ma and the Neo-Acadian to Alleghanian orogenies.  The 
Grenvillian crystallization age and ~630 Ma metamorphic ages, along with a strong 
Alleghanian overprint, indicate the Montpelier anorthosite is also of Laurentian 
origin.  The Maidens Gneiss Group does not show a high probability of a strictly 
Grenvillian source, with detrital zircon ages ranging from 725 Ma - 1.7 Ga.  The 
probability density plot also shows many ages around 400 Ma, indicating the Maidens 
Gneiss Group experienced deformation and metamorphism at this time.  The lack of a 
strong Grenvillian zircon signature, in conjunction with its high pressure kyanite-
potassium feldspar assemblage, suggest a non-Laurentian origin.  Based on these age and 
stratigraphic relations, we infer the Maidens Gneiss Group is of Gondwanan origin and 













Figure 41. Probability density plots comparing unites of the Goochland terrane from 
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Conclusions 
 
U/Pb zircon evidence suggests there is no common history between the State 
Farm gneiss and the Maidens Gneiss Group prior to the Alleghanian orogeny.  The lack 
of an Alleghanian metamorphic signature, its kyanite-potassium feldspar assemblage, and 
the lack of a strong Grenvillian signature in the detrital zircon population indicates a non-
Laurentian source for the Maidens Gneiss Group.  The underlying Laurentian basement 
rocks have an Alleghanian signature and do not have a high-grade mineral assemblage 
like the Maidens Gneiss Group.  Both 18HD-1 and 18HD-3B have overlapping U-Th/He 
zircon signatures from ~170 Ma to ~245 Ma, indicating exhumation during rifting of the 
Atlantic Ocean basin.  
The North Anna dome, the northernmost dome of State Farm gneiss in the 
Goochland terrane, is a doubly plunging antiform.  The relationship between the younger 
Maidens Gneiss Group and older State Farm gneiss and Montpelier anorthosite suggests 
the elongate domes seen in map view are tectonic windows (Figure 42).  Based on the 65 
U/Pb zircon ages obtained from 18HD-1, we believe the Acadian orogeny is responsible 
for deformation of 18HD-1, creating refolded folds and the characteristic kyanite-
potassium feldspar assemblage.  The youngest age from 18HD-1 is 367 ± 18 Ma, so it 
was not affected by metamorphism during the Alleghanian.  The felsic mylonitic gneiss 
from the Fork Church Fault Zone on the eastern side of the Hylas HSZ yields U/Pb zircon 
ages of ~225 Ma to ~525 Ma, indicating a Paleozoic crystallization age for the 
protolith.  A lack of Grenville ages indicates a non-Laurentian source, and we argue the 
Hylas HSZ should be included in the Maidens Gneiss Group cover sequence (Figure 43). 
 56  
We interpret the contact between the Maidens Gneiss Group and the Laurentian 
basement rocks to be a cryptic suture, and the suturing likely occurred during the Neo-
Acadian between 350 Ma - 380 Ma.   
 
 Figure 42. Revised structural map of the North Anna dome.  Coastal Plain sediments are not 














Figure 43. Revised stratigraphy for the Goochland terrane.  The contact between the 
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Appendix A: U/Pb Zircon data 
Sample_ 
Grain #  [U] ppm U/Th 207/235  
2σ 






Age (Ma) 2σ error 
207/206 










18HD1_1 111 4.21 0.538 0.025 0.0702 0.0014 0.19287 435 17 437.3 8.5 400 120 437.3 8.5 0.5 Rim 
18HD1_1 163 2.235 3 0.12 0.2405 0.0065 0.50778 1406 30 1389 34 1417 68 1417.0 68.0 2.0 Core 
18HD1_2 152 14.9 0.514 0.028 0.0649 0.0015 0.014524 420 19 405.4 9.2 470 130 405.4 9.2 3.5 Rim 
18HD1_2 55.4 2.68 1.746 0.089 0.1643 0.0057 0.162 1022 33 980 31 1090 110 1090.0 110.0 10.1 Core 
18HD1_3 404 
 
2.5 0.11 0.2023 0.0073 0.48753 1269 31 1187 39 1395 81 1395.0 81.0 14.9 Rim 
18HD1_3 314 1.065 4.16 0.043 0.2946 0.0021 0.49978 1666.5 8.2 1664 10 1653 17 1653.0 17.0 0.7 Core 
18HD1_4 426 38 0.585 0.017 0.0735 0.0014 0.018361 468 11 456.9 8.1 498 74 456.9 8.1 2.4 Rim 
18HD1_4 52.1 1.03 2.85 0.21 0.2409 0.008 0.74873 1363 58 1391 42 1347 76 1347.0 76.0 3.3 Core 
18HD1_5 116 14 0.505 0.079 0.0602 0.0024 0.64676 412 54 377 15 560 300 377.0 15.0 8.5 Rim 
18HD1_5 338 6.47 2.184 0.038 0.2001 0.0023 0.3706 1175 12 1175 12 1156 33 1156.0 33.0 1.6 Core 
18HD1_6 99.3 7.4 0.48 0.036 0.0601 0.0017 0.51559 397 25 376 10 480 140 376.0 10.0 5.3 Rim 
18HD1_6 801 57.8 1.579 0.024 0.1579 0.002 0.57528 961.9 9.3 945 11 982 26 982.0 26.0 3.8 Core 
18HD1_6 368 21 1.946 0.06 0.1805 0.0025 0.34387 1096 21 1069 14 1131 65 1131.0 65.0 5.5 Core 
18HD1_7 314.7 21 0.576 0.017 0.0729 0.0012 0.0044498 462 11 453.5 7.1 477 72 453.5 7.1 1.8 Rim 
18HD1_7 204.5 0.837 2.693 0.042 0.2169 0.0022 0.40411 1326 12 1266 12 1408 29 1408.0 29.0 10.1 Core 
18HD1_8 84.4 4.95 0.57 0.035 0.0722 0.0021 0.23678 456 22 449 13 450 130 449.0 13.0 1.5 
 
18HD1_9 37.2 1.89 2.965 0.07 0.2408 0.0036 0.33358 1394 18 1390 19 1380 45 1380.0 45.0 0.7 
 
18HD1_10 114.6 1.96 1.627 0.079 0.1594 0.0039 0.2515 978 30 953 22 1013 95 1013.0 95.0 5.9 
 
18HD1_11 102.3 9.6 0.536 0.094 0.0657 0.0037 0.020439 433 61 410 22 520 370 410.0 22.0 5.3 Rim 
18HD1_11 113.7 0.782 2.017 0.04 0.1821 0.0017 0.35031 1119 14 1078.3 9.1 1195 34 1195.0 34.0 9.8 Core 
18HD1_12 82.3 4.6 0.434 0.089 0.0587 0.003 0.22093 362 63 367 18 300 440 367.0 18.0 1.4 Rim 
18HD1_12 398 4.96 1.535 0.028 0.1551 0.0016 0.20369 944 11 929.5 9 970 41 970.0 41.0 4.2 Core 
18HD1_13 264 30.5 0.487 0.028 0.0642 0.0027 0.59127 402 20 401 16 390 110 401.0 16.0 0.2 
 
18HD1_14 20.1 0.905 1.68 0.1 0.1744 0.0052 0.18424 989 40 1035 28 840 140 840.0 28.0 4.7 
 
18HD1_15 130 14.7 0.553 0.027 0.0707 0.0015 0.16434 445 18 440.4 9.1 440 100 440.4 9.1 1.0 Rim 
18HD1_15 14.8 1.15 3.21 0.2 0.256 0.011 0.52636 1449 51 1464 54 1410 110 1410.0 110.0 3.8 Core 
18HD1_16 101.6 4.24 0.532 0.026 0.0696 0.0014 0.067912 431 17 433.9 8.3 390 110 433.9 8.3 0.7 Rim 
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Sample_ 
Grain #  [U] ppm U/Th 207/235  
2σ 






Age (Ma) 2σ error 
207/206 










18HD1_16 87.4 1.03 3.135 0.082 0.2453 0.0044 0.27618 1440 20 1414 23 1471 52 1471.0 52.0 3.9 Core 
18HD1_17 -0.1 0.065 2.3 6 
-
0.007659 0.0000023 1 200 
330
0 -49.563 0.015 -900000 200000 DISC DISC 124.8 
 
18HD1_18 68 0.81 3.36 0.13 0.257 0.0051 0.48785 1492 31 1474 26 1512 66 1512.0 66.0 2.5 
 
18HD1_19 71.8 7.7 0.485 0.042 0.066 0.0025 0.067814 399 28 412 15 310 180 412.0 15.0 3.3 Rim 
18HD1_19 87.4 1.56 3.24 0.11 0.256 0.0059 0.02712 1464 26 1469 30 1452 75 1452.0 75.0 1.2 Core 
18HD1_20 346 31.9 0.577 0.019 0.0735 0.0014 0.0063762 462 12 457.4 8.4 475 85 457.4 8.4 1.0 
 
18HD1_21 638 87 0.56 0.016 0.0718 0.0019 0.44931 451 11 447 12 470 66 447.0 12.0 0.9 Rim 
18HD1_21 532 8.01 1.548 0.035 0.1521 0.0024 0.53884 949 14 913 13 1034 38 1034.0 38.0 11.7 Core 
18HD1_22 432 30.7 0.599 0.022 0.0755 0.0021 0.58098 476 14 469 12 503 70 469.0 12.0 1.5 Rim 
18HD1_22 58.6 1.576 1.92 0.053 0.1864 0.0039 0.19978 1086 19 1101 21 1053 63 1053.0 63.0 4.6 Core 
18HD1_23 66.3 2.57 1.492 0.052 0.152 0.0027 0.50963 924 21 912 15 947 63 947.0 63.0 3.7 
 
18HD1_24 84.3 1.609 1.898 0.049 0.1813 0.0027 0.3884 1077 17 1073 15 1082 49 1082.0 49.0 0.8 
 
18HD1_25 69.9 5.5 0.519 0.058 0.0724 0.0038 0.12772 422 38 451 23 260 240 451.0 23.0 6.9 Rim 
18HD1_25 14.58 1.33 1.77 0.1 0.1728 0.0071 0.37799 1021 38 1025 39 980 120 980.0 120.0 4.6 Core 
18HD1_26 261 50 0.558 0.029 0.0718 0.0016 0.055687 450 19 446.9 9.4 460 120 446.9 9.4 0.7 Rim 
18HD1_26 83.1 1.434 2.553 0.054 0.2176 0.0028 0.42357 1286 16 1269 15 1316 40 1316.0 40.0 3.6 Core 
18HD1_27 73.5 4.23 0.592 0.031 0.0732 0.0021 0.29694 475 18 455 13 530 120 455.0 13.0 4.2 Rim 
18HD1_27 163.6 2.628 1.849 0.044 0.1816 0.0024 0.31313 1062 16 1076 13 1034 48 1034.0 48.0 4.1 Core 
18HD1_28 204 27 0.488 0.032 0.0615 0.004 0.27813 403 22 384 24 510 240 384.0 24.0 4.7 Rim 
18HD1_28 21.97 0.91 1.71 0.063 0.1799 0.0045 0.28992 1009 23 1065 24 880 78 880.0 78.0 21.0 Core 
18HD1_29 391 1.82 2.669 0.034 0.2184 0.0017 0.411 1319.3 9.4 1273.4 9.1 1398 22 1398.0 22.0 8.9 
 
18HD1_30 481 4.88 0.643 0.017 0.0755 0.0014 0.44446 504 11 469.2 8.7 666 55 469.2 8.7 6.9 
 
18HD1_31 357 29.5 1.762 0.063 0.1747 0.0061 0.56262 1030 23 1037 34 1019 71 1019.0 71.0 1.8 Rim 
18HD1_31 186 2.8 2.958 0.07 0.2422 0.007 0.64097 1396 18 1398 36 1399 43 1399.0 43.0 0.1 Core 
18HD1_32 60.4 5.6 0.504 0.053 0.0643 0.0029 0.25667 412 35 402 17 460 220 402.0 17.0 2.4 Rim 
18HD1_32 40.8 1.93 1.898 0.058 0.181 0.0033 0.26069 1080 21 1072 18 1091 65 1091.0 65.0 1.7 Core 
18HD1_33 124.9 10.5 0.563 0.026 0.0702 0.0016 0.086621 453 16 437.4 9.9 520 120 437.4 9.9 3.4 Rim 
 60  
Sample_ 
Grain #  [U] ppm U/Th 207/235  
2σ 






Age (Ma) 2σ error 
207/206 










18HD1_33 56.8 1.44 2.78 0.13 0.231 0.0061 0.37246 1346 35 1339 32 1355 87 1355.0 87.0 1.2 Core 
18HD1_34 85 1.542 2.749 0.052 0.232 0.0028 0.32482 1339 14 1344 15 1332 35 1332.0 35.0 0.9 
 
18HD1_35 96 10.5 0.486 0.037 0.0619 0.0024 0.27451 401 26 387 14 470 170 387.0 14.0 3.5 Rim 
18HD1_35 465 2.183 1.876 0.028 0.1632 0.0018 0.52955 1071.8 9.8 974 10 1277 25 1277.0 25.0 23.7 Core 
18HD1_36 124 10 0.558 0.027 0.0721 0.0016 0.20476 449 17 448.9 9.8 440 110 448.9 9.8 0.0 Rim 
18HD1_36 33.32 1.449 1.594 0.05 0.1619 0.0037 0.29644 963 20 967 20 947 71 947.0 71.0 2.1 Core 
18HD1_37 300 9.8 0.501 0.028 0.0653 0.0023 0.14378 412 19 408 14 430 140 408.0 14.0 1.0 Rim 
18HD1_37 318 2.08 1.104 0.017 0.11955 0.00088 0.19445 754.4 8.4 727.9 5 828 33 727.9 5.0 3.5 Core 
18HD1_38 151 3.68 1.621 0.066 0.1464 0.0029 0.17995 976 25 881 16 1195 82 1195.0 82.0 26.3 
 
18HD1_39 73.9 4.56 0.556 0.037 0.0706 0.0017 0.066958 446 24 440 10 460 150 440.0 10.0 1.3 Rim 
18HD1_39 74.9 1.63 3.403 0.086 0.2672 0.004 0.48249 1502 20 1526 20 1468 42 1468.0 42.0 4.0 Core 
18HD1_40 186 3.95 1.706 0.071 0.1614 0.0068 0.31557 1009 26 964 38 1110 110 1110.0 110.0 13.2 
 
18HD3B_1 114.3 4 0.179 0.034 0.0283 0.0021 0.6508 167 29 180 13 10 290 180.0 13.0 7.8 Rim 
18HD3B_1 309 2.803 2.095 0.025 0.1944 0.0015 0.42362 1146.3 8.2 1146.3 7.8 1145 22 1145.0 22.0 0.1 Core 
18HD3B_2 978 5.4 1.83 0.036 0.1739 0.0018 0.61662 1056 13 1033.7 9.9 1097 32 1097.0 32.0 5.8 
 
18HD3B_3 114.2 -4 0.417 0.046 0.0492 0.0017 0.23133 352 32 310 11 610 220 310.0 11.0 11.9 Rim 
18HD3B_3 138.3 1.215 1.661 0.051 0.1605 0.0017 0.47981 992 19 959.4 9.5 1047 55 1047.0 55.0 8.4 Core 
18HD3B_4 171 2.27 1.699 0.043 0.1639 0.0022 0.1875 1007 16 978 12 1066 53 1066.0 53.0 8.3 
 
18HD3B_5 603 2.05 1.794 0.035 0.1753 0.0023 0.58157 1043 13 1041 13 1040 32 1040.0 32.0 0.1 
 
18HD3B_6 186.2 1.658 2.183 0.028 0.2011 0.0017 0.49636 1174.5 8.8 1181.1 9.1 1156 24 1156.0 24.0 2.2 
 
18HD3B_7 272.6 2.15 2.136 0.039 0.1979 0.0019 0.61145 1159 13 1164 10 1143 30 1143.0 30.0 1.8 
 
18HD3B_8 620 3.018 1.79 0.027 0.1707 0.0017 0.21634 1042 10 1015.9 9.3 1089 32 1089.0 32.0 6.7 
 
18HD3B_9 583 1.616 1.999 0.039 0.1937 0.0022 0.37793 1114 13 1141 12 1054 38 1054.0 38.0 8.3 
 
18HD3B_10 65.3 5 0.372 0.051 0.0395 0.0023 0.52498 319 38 250 14 810 270 250.0 14.0 21.6 Rim 
18HD3B_10 326.8 2.836 2.412 0.035 0.2186 0.0018 0.46807 1245 10 1274.2 9.5 1188 27 1188.0 27.0 7.3 Core 
18HD3B_11 200 1.942 1.685 0.038 0.1681 0.0022 0.37366 1002 14 1002 12 993 43 993.0 43.0 0.9 
 
18HD3B_12 290.2 1.159 2.129 0.044 0.2005 0.0025 0.40626 1157 14 1178 14 1112 38 1112.0 38.0 5.9 
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Grain #  [U] ppm U/Th 207/235  
2σ 






Age (Ma) 2σ error 
207/206 










18HD3B_13 563 1.805 1.971 0.029 0.187 0.0017 0.64666 1105 10 1105.2 9.2 1098 23 1098.0 23.0 0.7 
 
18HD3B_14 232 -2 0.37 0.016 0.05123 0.00087 0.18585 319 12 322 5.3 285 91 322.0 5.3 0.9 
 
18HD3B_15 81.2 -6.2 0.368 0.02 0.0529 0.0012 0.12134 316 15 332 7.5 220 110 332.0 7.5 5.1 Rim 
18HD3B_15 76.45 0.643 1.79 0.11 0.1742 0.0036 0.10272 1039 42 1035 20 1030 130 1030.0 130.0 0.5 Core 
18HD3B_16 432 2.308 2.133 0.024 0.2009 0.0014 0.40438 1158.7 7.9 1180.2 7.7 1112 21 1112.0 21.0 6.1 
 
18HD3B_17 334.8 1.282 2.101 0.023 0.1972 0.0016 0.52855 1148.3 7.6 1160.1 8.6 1124 19 1124.0 19.0 3.2 
 
18HD3B_18 150.7 1.224 2.126 0.039 0.1992 0.002 0.17923 1158 13 1171 11 1131 40 1131.0 40.0 3.5 
 
18HD3B_19 1085 2.289 1.873 0.021 0.1816 0.0012 0.49838 1072.1 7.7 1075.6 6.4 1063 20 1063.0 20.0 1.2 
 
18HD3B_20 155 14 0.302 0.043 0.0411 0.0019 0.69393 267 34 259 12 310 270 259.0 12.0 3.0 Rim 
18HD3B_20 305 2.092 1.872 0.023 0.1808 0.0015 0.11519 1070.5 8.3 1071.2 8 1069 29 1069.0 29.0 0.2 Core 
18HD3B_21 691 1.785 2.124 0.06 0.1818 0.0024 0.55754 1155 19 1077 13 1304 45 1304.0 45.0 17.4 
 
18HD3B_22 527 2.58 1.944 0.023 0.1842 0.0013 0.57028 1095.7 8 1089.6 6.9 1111 21 1111.0 21.0 1.9 
 
18HD3B_23 427 1.417 2.063 0.041 0.1866 0.0024 0.59976 1136 14 1103 13 1199 32 1199.0 32.0 8.0   
18HD3B_24 827 1.765 1.895 0.027 0.1792 0.002 0.58158 1078.9 9.5 1063 11 1112 24 1112.0 24.0 4.4 
 
18HD3B_25 195 -4 0.378 0.016 0.05128 0.00098 0.28342 325 12 322.3 6 350 100 322.3 6.0 0.8 
 
18HD3B_26 712 1.48 1.843 0.055 0.1823 0.0036 0.59934 1060 19 1079 20 1016 50 1016.0 50.0 6.2 
 
18HD3B_27 462 3.08 2.172 0.049 0.1974 0.0033 0.57756 1171 16 1161 18 1188 37 1188.0 37.0 2.3 
 
18HD3B_28 229.5 2.322 2.117 0.026 0.1979 0.0017 0.3976 1153.6 8.6 1164 9.1 1136 24 1136.0 24.0 2.5 
 
18HD3B_29 90.9 -5 0.32 0.039 0.0442 0.0023 0.10679 280 30 278 14 290 270 278.0 14.0 0.7 Rim 
18HD3B_29 227.1 1.495 2.182 0.062 0.2002 0.0021 0.2629 1174 20 1176 11 1164 56 1164.0 56.0 1.0 Core 
18HD3B_30 481 1.846 2.1 0.032 0.1941 0.0019 0.43083 1148 11 1144 10 1155 28 1155.0 28.0 1.0 
 
18HD3B_31 129 1.214 1.561 0.057 0.1577 0.004 0.46347 953 23 944 22 969 72 969.0 72.0 2.6 Rim 
18HD3B_31 783 2.071 2.125 0.024 0.1989 0.0018 0.38223 1156.5 7.9 1169.4 9.4 1128 23 1128.0 23.0 3.7 Core 
18HD3B_32 158 15 0.767 0.073 0.0493 0.002 0.34785 574 42 310 13 1800 220 DISC DISC 46.0 Rim 
18HD3B_32 210.5 1.609 2.539 0.044 0.1966 0.0023 0.12626 1282 13 1157 13 1494 37 1494.0 37.0 22.6 Core 
18HD3B_33 113.8 0 0.321 0.037 0.0315 0.0017 0.078266 282 29 200 11 990 260 200.0 11.0 29.1 Rim 
18HD3B_33 420 1.539 2.213 0.037 0.2017 0.002 0.53737 1184 12 1185 10 1179 28 1179.0 28.0 0.5 Core 
 62  
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Grain #  [U] ppm U/Th 207/235  
2σ 






Age (Ma) 2σ error 
207/206 










18HD3B_34 909 3.787 1.823 0.038 0.1731 0.0023 0.69046 1053 14 1029 12 1098 31 1098.0 31.0 6.3 Rim 
18HD3B_34 209.2 1.777 2.026 0.048 0.1883 0.0021 0.13231 1123 16 1112 11 1137 49 1137.0 49.0 2.2 Core 
18HD3B_35 419 2.175 2.225 0.028 0.2039 0.0012 0.2212 1188.5 8.7 1196.1 6.3 1169 25 1169.0 25.0 2.3 
 
18HD3B_36 695 4.3 1.685 0.016 0.1671 0.0012 0.58661 1002.3 6.2 996.3 6.4 1011 16 1011.0 16.0 1.5 
 
18HD3B_37 472.3 2.131 1.909 0.017 0.1807 0.00097 0.3794 1083.8 5.8 1070.7 5.3 1106 17 1106.0 17.0 3.2 
 
18HD3B_38 159 0 0.334 0.028 0.0447 0.0018 0.1887 291 21 282 11 350 180 282.0 11.0 3.1 Rim 
18HD3B_38 228.9 0.709 1.834 0.031 0.1793 0.0018 0.49432 1057 11 1063.1 9.8 1038 30 1038.0 30.0 2.4 Core 
18HD3B_39 251 1.867 2.341 0.059 0.2085 0.002 0.28702 1222 17 1221 11 1218 46 1218.0 46.0 0.2 
 
18HD3B_41 1817 5.501 1.893 0.038 0.1789 0.0018 0.28194 1078 13 1060.9 9.7 1111 40 1111.0 40.0 4.5 
 
18HD13B_1 605 1.365 0.576 0.013 0.0705 0.001 0.051878 461.8 8.3 439.3 6 589 62 439.3 6.0 4.9 
 
18HD13B_2 3320 132 0.3522 0.0084 0.04846 0.0009 0.33224 306.3 6.3 305.1 5.5 316 54 305.1 5.5 0.4 
 
18HD13B_3 4000 140 0.3685 0.008 0.0491 0.0015 0.36387 318.5 5.9 309.2 9.2 390 68 309.2 9.2 2.9 Rim 
18HD13B_3 226 1.522 0.558 0.013 0.07213 0.00094 0.29572 449.5 8.6 448.9 5.6 444 52 448.9 5.6 0.1 Core 
18HD13B_4 730 29.1 0.368 0.015 0.0503 0.0017 0.32287 318 11 317 11 330 99 317.0 11.0 0.3 Rim 
18HD13B_4 465 1.368 0.537 0.015 0.0703 0.001 0.37476 436.1 9.7 437.9 6.1 417 57 437.9 6.1 0.4 Core 
18HD13B_5 611 22.1 0.408 0.011 0.05592 0.00074 0.28504 346.7 7.6 350.7 4.5 318 57 350.7 4.5 1.2 Rim 
18HD13B_5 298.2 1.69 0.52 0.012 0.06892 0.00066 0.38778 424.9 8.3 429.6 4 393 50 429.6 4.0 1.1 Core 
18HD13B_6 526 22 0.406 0.0067 0.055 0.00054 0.34374 345.5 4.8 345.1 3.3 356 36 345.1 3.3 0.1 
 
18HD13B_7 692 16.6 0.482 0.032 0.05452 0.00099 0.39096 398 22 342.2 6.1 720 120 342.2 6.1 14.0 
 
18HD13B_8 535 14.9 0.4231 0.0067 0.05735 0.00038 0.25323 357.9 4.7 359.5 2.3 352 35 359.5 2.3 0.4 
 
18HD13B_10 304 1.517 0.541 0.011 0.07028 0.00074 0.13495 438.3 7.2 437.8 4.4 457 50 437.8 4.4 0.1 
 
18HD13B_11 453 13.5 0.4347 0.0064 0.05902 0.00041 0.097244 366.1 4.5 369.7 2.5 346 34 369.7 2.5 1.0 
 
18HD13B_12 489 11 0.377 0.014 0.0517 0.0012 0.36832 324 11 325.1 7.2 324 85 325.1 7.2 0.3 Rim 
18HD13B_12 284 1.068 0.555 0.013 0.07383 0.00088 0.18662 447.8 8.5 459.1 5.2 387 54 459.1 5.2 2.5 Core 
18HD13B_13 333 1.793 0.533 0.011 0.06914 0.0007 0.27347 433 7.1 431 4.2 442 44 431.0 4.2 0.5 
 
18HD13B_14 419 1.254 0.543 0.012 0.07118 0.00093 0.28062 439.6 7.8 443.2 5.6 422 49 443.2 5.6 0.8 
 
18HD13B_15 809 29.9 0.4136 0.0067 0.0559 0.00056 0.48592 351.2 4.8 350.6 3.4 356 32 350.6 3.4 0.2 
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18HD13B_16 479 11.8 0.447 0.016 0.0586 0.0011 0.25638 375 11 367.2 6.6 419 78 367.2 6.6 2.1 
 
18HD13B_17 1164 3.957 1.512 0.02 0.1513 0.0015 0.53751 934.7 8 908 8.2 1004 24 1004.0 24.0 9.6 
 
18HD13B_20 738.3 2.288 1.84 0.027 0.1811 0.0017 0.32418 1059.3 9.5 1072.9 9.4 1036 29 1036.0 29.0 3.6 
 
18HD13B_21 3490 168 0.4099 0.0072 0.05634 0.00078 0.62204 348.7 5.2 353.3 4.8 321 32 353.3 4.8 1.3 
 
18HD13B_22 549 19.5 0.4139 0.0082 0.05597 0.00046 0.098879 351.3 5.9 351.1 2.8 347 46 351.1 2.8 0.1 
 
18HD13B_23 427 2.339 0.4992 0.0083 0.06538 0.0006 0.24513 410.6 5.6 408.7 3.7 414 37 408.7 3.7 0.5 
 
18HD13B_24 523 1.383 0.551 0.011 0.07124 0.00067 0.26361 446.3 7.6 443.6 4.1 452 46 443.6 4.1 0.6 
 
18HD13B_25 526 1.71 0.5288 0.0093 0.0691 0.00057 0.26953 430.6 6.2 430.7 3.5 421 38 430.7 3.5 0.0 
 
18HD13B_26 758 2.48 0.558 0.012 0.07108 0.00073 0.33685 450 7.7 442.6 4.4 481 45 442.6 4.4 1.6 
 
18HD13B_27 485 3.86 0.551 0.0091 0.07127 0.00058 0.30061 445.1 5.9 443.8 3.5 443 36 443.8 3.5 0.3 
 
18HD13B_28 627 19.09 0.4175 0.0056 0.05589 0.00038 0.23331 354 4 350.6 2.3 368 30 350.6 2.3 1.0 
 
18HD13B_29 279.5 1.519 0.547 0.012 0.07094 0.00063 0.15941 442.6 8 441.8 3.8 431 50 441.8 3.8 0.2 
 
18HD13B_30 488 12 0.414 0.011 0.05479 0.00063 0.046755 351.5 7.8 343.8 3.8 392 63 343.8 3.8 2.2 
 
18HD13B_31 633 25.3 0.417 0.013 0.0564 0.0011 0.38339 353.3 9.4 353.4 6.5 360 54 353.4 6.5 0.0 
 
18HD13B_32 684 28.7 0.426 0.0049 0.0576 0.0004 0.22011 360.1 3.5 361 2.4 352 28 361.0 2.4 0.2 
 
18HD13B_33 291.7 1.785 0.545 0.01 0.06992 0.00057 0.18761 440.9 6.7 435.7 3.5 462 41 435.7 3.5 1.2 
 
18HD13B_34 467 1.71 0.509 0.014 0.0655 0.001 0.0705 417.6 9.4 409.1 6.1 456 73 409.1 6.1 2.0 
 
18HD13B_35 413.8 16.08 0.4362 0.0064 0.05876 0.00037 0.19986 367.2 4.5 368.1 2.2 357 34 368.1 2.2 0.2 
 
18HD13B_36 467 1.513 0.524 0.011 0.06867 0.00086 0.47372 427.4 7.3 428.1 5.2 408 42 428.1 5.2 0.2 
 
18HD13B_37 693.8 37.1 0.4286 0.0085 0.05744 0.00064 0.55277 361.9 6 360 3.9 368 38 360.0 3.9 0.5 
 
18HD13B_38 1244 9.75 0.4612 0.0054 0.05853 0.00045 0.41132 384.9 3.8 366.7 2.7 492 24 366.7 2.7 4.7 
 
18HD13B_39 548 1.791 0.5446 0.0093 0.07072 0.00061 0.079873 441 6 440.5 3.7 435 39 440.5 3.7 0.1 
 
18HD13B_40 499 26 0.416 0.015 0.05611 0.00077 0.019147 353 11 351.9 4.7 349 88 351.9 4.7 0.3 Rim 
18HD13B_40 386.3 1.341 0.579 0.016 0.074 0.0011 0.11839 463.2 9.9 460 6.8 489 70 460.0 6.8 0.7 Core 
18HD13B_41 233 1.455 0.607 0.015 0.07002 0.0009 0.19413 481.2 9.2 436.3 5.4 697 54 436.3 5.4 9.3 
 
18HD_12_1 446.3 3.176 0.3567 0.0047 0.04934 0.00036 0.045247 309.5 3.5 310.5 2.2 303 33 310.5 2.2 0.3 
 
18HD_12_3 457.6 4.88 4.49 0.11 0.2092 0.0034 0.86725 1728 20 1224 18 2413 21 2413.0 21.0 49.3 
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18HD_12_4 29.89 0.899 1.469 0.068 0.1485 0.0033 0.22515 913 28 892 19 946 97 946.0 97.0 5.7 
 
18HD_12_5 28 0.81 0.987 0.035 0.1062 0.0018 0.24341 692 18 650 11 808 73 650.0 11.0 6.1 
 
18HD_12_6 4.31 -0.37 0.4 0.053 0.0547 0.0038 0.68282 317 36 342 23 210 220 342.0 23.0 7.9 
 
18HD_12_7 9.42 1.41 1.267 0.086 0.1307 0.0055 0.24603 815 39 790 31 820 140 790.0 31.0 3.1 
 
18HD_12_9 977 9.72 0.3902 0.0039 0.05353 0.00036 0.35712 334.4 2.9 336.2 2.2 323 25 336.2 2.2 0.5 
 
18HD_12_10 88.7 8.09 1.615 0.04 0.1615 0.0019 0.30649 974 15 965 11 999 51 999.0 51.0 3.4 
 
18HD_12_11 11.74 1.73 1.54 0.13 0.1553 0.0077 0.072168 932 51 929 43 890 190 890.0 190.0 4.4 
 
18HD_12_12 568 2.85 0.824 0.021 0.0981 0.0024 0.78882 609 12 603 14 636 34 603.0 14.0 1.0 
 
18HD_12_13 414 17.4 0.3961 0.0066 0.05442 0.00048 0.42253 338.4 4.8 341.6 2.9 314 34 341.6 2.9 0.9 
 
18HD_12_14 9.67 0.1 0.372 0.061 0.049 0.0041 0.1811 312 44 308 25 340 310 308.0 25.0 1.3 
 
18HD_12_15 287.3 0.836 0.547 0.013 0.07142 0.00092 0.20255 442.9 8.5 444.7 5.5 423 65 444.7 5.5 0.4 
 
18HD_12_16 5.71 0.56 1.8 0.15 0.18 0.0095 0.69546 1015 52 1067 52 850 120 850.0 120.0 5.1 
 
18HD_12_17 430 3.444 0.429 0.0053 0.05789 0.00039 0.16608 362.2 3.7 362.7 2.4 347 30 362.7 2.4 0.1 
 
18HD_12_18 168.5 1.773 1.755 0.022 0.1723 0.0015 0.40072 1027.9 8.2 1024.5 8.3 1031 25 1031.0 25.0 0.6 
 
18HD_12_19 25.9 1.122 1.656 0.048 0.1658 0.0028 0.27597 986 18 988 16 971 62 971.0 62.0 1.8 
 
18HD_12_20 90.4 11.1 0.3339 0.0096 0.04654 0.00051 0.096045 291.6 7.4 293.2 3.1 268 62 293.2 3.1 0.5 
 
18HD_12_21 47 4.7 0.333 0.019 0.04584 0.00075 0.13379 288 14 288.9 4.6 239 96 288.9 4.6 0.3 
 
18HD_12_22 484 2.077 1.892 0.038 0.1697 0.0024 0.7702 1081 12 1011 13 1218 24 1218.0 24.0 17.0 
 
18HD_12_23 276.8 1.268 0.872 0.015 0.10116 0.00095 0.2639 636 8.4 621.2 5.6 678 39 621.2 5.6 2.3 
 
18HD_12_24 300 5.1 0.3947 0.007 0.05334 0.00047 0.26494 337.3 5.1 335 2.9 339 39 335.0 2.9 0.7 
 
18HD_12_25 110.7 0.594 3.455 0.068 0.2481 0.0029 0.73747 1515 15 1428 15 1627 29 1627.0 29.0 12.2 
 
18HD_12_26 44.1 1.549 1.798 0.057 0.1563 0.0022 0.18394 1045 22 936 12 1275 62 1275.0 62.0 26.6 
 
18HD_12_27 6.15 -0.79 0.394 0.047 0.0513 0.0028 0.33815 330 35 322 17 320 200 322.0 17.0 2.4 
 
18HD_12_28 486 8.4 0.405 0.0051 0.05491 0.00046 0.34537 345 3.7 344.5 2.8 342 29 344.5 2.8 0.1 
 
18HD_12_29 102.1 13.2 0.34 0.011 0.04651 0.00057 0.031485 296.2 8.2 293 3.5 306 70 293.0 3.5 1.1 
 
18HD_12_30 31.24 1.31 0.945 0.074 0.1026 0.0055 0.14503 672 37 629 32 810 180 629.0 32.0 6.4 
 
18HD_12_31 11.47 1.61 1.587 0.072 0.1581 0.0042 0.20011 950 28 945 23 925 97 925.0 97.0 2.2 
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18HD_12_32 9.97 1.46 1.456 0.077 0.1487 0.0051 0.45062 896 32 892 28 880 100 880.0 100.0 1.4 
 
18HD_12_33 18 1.79 1.543 0.075 0.1565 0.0045 0.43669 939 30 936 25 914 98 914.0 98.0 2.4 
 
18HD_12_34 26.21 0.686 1.551 0.039 0.1559 0.0023 0.206 946 15 934 13 975 55 975.0 55.0 4.2 
 
18HD_12_35 10.15 1.55 1.636 0.085 0.1607 0.0049 0.3205 973 33 959 27 970 100 970.0 100.0 1.1 
 
18HD_12_36 2.96 -0.1 0.387 0.086 0.0602 0.0062 0.43321 301 55 364 30 -80 270 364.0 30.0 20.9 
 








18HD_12_39 33.9 1.535 1.54 0.045 0.1463 0.0023 0.27874 943 18 880 13 1070 60 1070.0 60.0 17.8 
 
18HD_12_40 334.7 0.882 0.5524 0.0076 0.06989 0.00055 0.24965 446.1 4.9 435.5 3.3 494 31 435.5 3.3 2.4 
 
027TV_1 63.5 0.764 0.73 0.03 0.0775 0.0012 0.02913 554 17 481.3 6.9 846 90 481.3 6.9 13.1 
 
027TV_2 112.1 1.33 0.397 0.013 0.05209 0.00076 0.13582 339 9.2 327.3 4.7 428 70 327.3 4.7 3.5 Rim 
027TV_2 676 30.1 0.476 0.01 0.0626 0.0011 0.30893 394.8 7.2 391.4 6.8 412 49 391.4 6.8 0.9 Core 




0.474 0.012 0.0634 0.0011 0.4957 393.5 7.9 396.4 6.9 371 48 396.4 6.9 0.7 
 
027TV_5 906 19 0.466 0.005 0.06098 0.00048 0.4189 388.3 3.5 381.6 2.9 427 23 381.6 2.9 1.7 
 
027TV_7 410 0.433 0.586 0.015 0.05412 0.00081 0.096434 467.8 9.8 339.7 4.9 1149 63 339.7 4.9 27.4 
 
027TV_8 556 2.156 0.741 0.04 0.06025 0.00083 0.29406 561 23 377.2 5.1 1379 98 DISC DISC 32.8 
 
027TV_9 611 1.395 0.5152 0.008 0.06643 0.0005 0.64007 421.7 5.4 414.6 3 456 34 414.6 3.0 1.7 
 
027TV_10 1140 41 0.527 0.055 0.053 0.0025 0.18265 427 36 333 15 910 260 333.0 15.0 22.0 Rim 
027TV_10 180.5 1.032 0.672 0.013 0.0839 0.001 0.14295 523.4 8.7 519.1 6.2 534 50 519.1 6.2 0.8 Core 
027TV_11 532 15.6 0.421 0.016 0.0514 0.0015 0.75177 356 12 323.2 9 570 59 323.2 9.0 9.2 Rim 
027TV_11 150 0.958 0.602 0.017 0.0769 0.0014 0.19025 477 10 477.6 8.4 468 65 477.6 8.4 0.1 Core 
027TV_12 511 1.23 0.543 0.013 0.0711 0.0014 0.46618 441.5 9.2 444 8.6 422 53 444.0 8.6 0.6 
 
027TV_13 545 3.66 0.4732 0.0083 0.06148 0.0006 0.53908 393.1 5.7 384.6 3.6 434 33 384.6 3.6 2.2 
 
027TV_14 175.9 2.36 0.3479 0.0099 0.04694 0.00058 0.1868 302.5 7.4 295.7 3.6 339 62 295.7 3.6 2.2 
 
027TV_15 654 2.678 0.53 0.011 0.0683 0.0011 0.53199 431.7 7.6 426 6.5 457 42 426.0 6.5 1.3 
 
027TV_16 127 2.56 0.357 0.014 0.0488 0.001 0.29701 310 10 307.2 6.4 318 86 307.2 6.4 0.9 Rim 
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027TV_16 100 11.3 0.52 0.018 0.0684 0.0012 0.26715 423 12 426.7 7 383 77 426.7 7.0 0.9 Core 
027TV_17 225 4.26 0.453 0.018 0.0566 0.0013 0.46585 378 12 355 8.2 510 77 355.0 8.2 6.1 
 
027TV_18 736 15 0.464 0.009 0.06015 0.00067 0.030034 386.9 6.2 376.5 4.1 443 50 376.5 4.1 2.7 
 
027TV_19 640 8.1 0.55 0.012 0.06864 0.00087 0.66698 446.1 8.5 427.9 5.3 531 38 427.9 5.3 4.1 
 
027TV_20 159.8 1.064 0.577 0.013 0.07413 0.0009 0.37142 461.2 8.2 460.9 5.4 455 47 460.9 5.4 0.1 
 
027TV_21 486 9.03 0.447 0.013 0.0569 0.00071 0.34288 375.2 9.2 356.7 4.3 481 61 356.7 4.3 4.9 
 
027TV_22 192 1.98 0.656 0.032 0.0716 0.003 0.8602 505 20 445 18 782 53 445.0 18.0 11.9 
 
027TV_23 236 1.27 0.588 0.014 0.0759 0.0011 0.42209 468.7 8.9 472.5 6.1 440 47 472.5 6.1 0.8 
 
027TV_24 445 12.2 0.5397 0.0093 0.0693 0.00086 0.64072 438.6 6.3 431.9 5.2 468 28 431.9 5.2 1.5 
 
027TV_25 137.7 3.15 0.346 0.015 0.04829 0.00064 0.41703 301 11 304 3.9 262 83 304.0 3.9 1.0 
 
027TV_26 272 5.5 0.341 0.031 0.0455 0.0027 0.49004 298 24 287 17 370 210 287.0 17.0 3.7 Rim 
027TV_26 63 1.41 0.589 0.018 0.0763 0.0012 0.14102 470 12 474 7 423 75 474.0 7.0 0.9 Core 
027TV_27 293 3.9 0.4622 0.0076 0.06137 0.00072 0.59961 385.3 5.3 383.9 4.4 393 32 383.9 4.4 0.4 
 
027TV_28 99.1 1.28 0.572 0.016 0.0738 0.0011 0.42737 458 10 458.6 6.9 436 55 458.6 6.9 0.1 
 
027TV_30 308 1.53 0.5337 0.0094 0.06781 0.0007 0.36715 433.8 6.2 422.9 4.2 485 37 422.9 4.2 2.5 
 
027TV_31 568 5.2 0.537 0.012 0.0695 0.0014 0.77799 435.4 7.7 433.1 8.4 448 30 433.1 8.4 0.5 
 
027TV_32 647 4 0.56 0.016 0.0718 0.0018 0.77458 451 10 447 11 466 37 447.0 11.0 0.9 
 
027TV_33 370 2.46 0.573 0.0086 0.07463 0.00073 0.077016 459.5 5.6 463.9 4.4 429 32 463.9 4.4 1.0 
 
027TV_34 317 7.7 0.475 0.013 0.0584 0.001 0.74646 393 9 366 6.2 532 42 366.0 6.2 6.9 
 
027TV_35 598 11.4 0.468 0.011 0.0616 0.0011 0.80392 389 7.6 385.1 6.5 405 31 385.1 6.5 1.0 
 
027TV_36 245 3.75 0.4039 0.0099 0.05411 0.00063 0.0065359 344.1 7.2 339.7 3.8 362 61 339.7 3.8 1.3 
 
027TV_37 326 1.75 0.593 0.012 0.0765 0.0012 0.66306 472.2 7.8 475.1 6.9 463 32 475.1 6.9 0.6 
 
027TV_38 119.2 1.36 0.379 0.017 0.052 0.0011 0.32563 325 12 326.9 6.8 325 95 326.9 6.8 0.6 
 
027TV_39 149.3 4.03 0.352 0.014 0.04813 0.00073 0.18616 305 11 303 4.5 333 94 303.0 4.5 0.7 
 
027TV_40 596 9 0.56 0.025 0.06459 0.00087 0.46036 450 15 403.4 5.3 698 81 403.4 5.3 10.4 
 
027TV_41 143 0.842 0.631 0.017 0.0809 0.0014 0.45503 495 11 501.3 8.6 457 57 501.3 8.6 1.3 
 
027TV_42 318.8 5.5 0.414 0.0079 0.05048 0.00052 0.37761 352.3 5.9 317.4 3.2 586 39 317.4 3.2 9.9 
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027TV_43 235.7 4.45 0.407 0.013 0.05383 0.00093 0.084304 346.3 9.4 338 5.7 389 77 338.0 5.7 2.4 
 
027TV_44 568.7 2.135 0.6153 0.0074 0.07245 0.00045 0.14397 486.6 4.6 450.9 2.7 647 27 450.9 2.7 7.3 
 
027TV_45 1107 4.21 1.59 0.14 0.0633 0.0017 0.095262 955 58 395 10 2610 180 DISC DISC 58.6 
 
027TV_46 250.9 7 0.404 0.014 0.05289 0.0008 0.35705 344 10 332.2 4.9 408 73 332.2 4.9 3.4 
 
027TV_47 1370 21.6 0.453 0.01 0.05385 0.00073 0.3969 379.3 7.1 338.1 4.4 636 46 338.1 4.4 10.9 
 
027TV_48 1052 39.5 0.451 0.013 0.0595 0.0014 0.50783 377.7 9.4 372.3 8.2 406 60 372.3 8.2 1.4 
 
027TV_49 258 2.249 0.539 0.015 0.0672 0.0011 0.69537 437 10 419.2 6.4 528 59 419.2 6.4 4.1 
 
027TV_50 141.2 3.35 0.422 0.011 0.0474 0.00041 0.22849 356.8 7.8 298.5 2.5 729 54 298.5 2.5 16.3 
 
027TV_51 130.4 3.65 0.36 0.013 0.0498 0.00073 0.099812 311.2 9.5 313.3 4.5 289 78 313.3 4.5 0.7 
 
027TV_52 253 2.52 0.56 0.024 0.0714 0.0017 0.33229 451 15 445 10 478 93 445.0 10.0 1.3 
 
027TV_53 577 17.6 0.473 0.033 0.0621 0.0034 0.93237 392 23 388 21 404 64 388.0 21.0 1.0 
 
027TV_54 247.7 5.54 0.3931 0.009 0.05367 0.00068 0.41941 336.8 6.4 337 4.1 319 44 337.0 4.1 0.1 
 
027TV_55 241 1.106 0.612 0.014 0.07883 0.00091 0.47178 484 8.8 489.1 5.4 454 53 489.1 5.4 1.1 
 
027TV_56 211 1.239 0.602 0.012 0.07768 0.00074 0.30257 477.8 7.6 482.2 4.4 465 42 482.2 4.4 0.9 
 
027TV_57 154.2 4.38 0.3435 0.008 0.04684 0.0004 0.21996 299.2 6 295.1 2.5 323 50 295.1 2.5 1.4 
 
027TV_58 114.4 1.77 0.381 0.013 0.05081 0.0007 0.28504 326.4 9.6 319.5 4.3 357 72 319.5 4.3 2.1 
 
027TV_59 184 1.94 0.628 0.013 0.08212 0.00074 0.26141 494.1 7.8 508.7 4.4 435 44 508.7 4.4 3.0 
 
027TV_60 325.8 6.21 0.487 0.013 0.0637 0.0011 0.67623 404.1 8.6 398.1 6.8 419 46 398.1 6.8 1.5 
 
027TV_61 92 1.046 0.595 0.021 0.0714 0.0012 0.043829 473 14 444.8 7.1 598 88 444.8 7.1 6.0 
 
027TV_62 49.7 0.92 0.553 0.017 0.07118 0.00084 0.078209 445 11 443.2 5 432 67 443.2 5.0 0.4 
 
027TV_63 216 3.65 0.329 0.036 0.0475 0.0019 0.0088511 288 27 299 12 200 250 299.0 12.0 3.8 Rim 
027TV_63 74.1 1.336 0.516 0.019 0.0666 0.0014 0.047631 421 13 415.5 8.3 445 89 415.5 8.3 1.3 Core 
027TV_64 779 14.2 0.5468 0.0096 0.06097 0.00048 0.50834 442.4 6.3 381.5 2.9 764 31 381.5 2.9 13.8 
 
027TV_65 481 2.04 0.752 0.032 0.0764 0.0023 0.54169 569 19 475 14 965 69 475.0 14.0 16.5 
 
027TV_66 78.5 0.827 0.332 0.023 0.046 0.0012 0.35667 290 17 289.7 7.1 270 130 289.7 7.1 0.1 
 
027TV_67 288 4.26 0.31 0.024 0.0389 0.0022 0.19185 274 19 246 13 510 190 246.0 13.0 10.2 
 
027TV_68 570 1.195 0.4695 0.0074 0.05827 0.00037 0.21788 390.5 5 365.1 2.3 543 39 365.1 2.3 6.5 
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027TV_69 194 4.94 0.355 0.023 0.0459 0.0021 0.33852 308 17 289 13 440 150 289.0 13.0 6.2 
 
027TV_70 336 0.888 0.65 0.011 0.08257 0.00096 0.23647 508.1 7 511.4 5.7 498 38 511.4 5.7 0.6 
 
027TV_71 221.8 2.743 0.3744 0.0072 0.05003 0.00045 0.10812 322.4 5.3 314.7 2.8 368 43 314.7 2.8 2.4 
 
027TV_72 171.6 1.935 0.567 0.015 0.06071 0.00085 0.53038 454.6 9.9 379.9 5.2 837 50 379.9 5.2 16.4 
 
027TV_73 161 1.072 0.3903 0.0079 0.05214 0.00054 0.10299 334.8 6 327.6 3.3 390 48 327.6 3.3 2.2 
 
027TV_74 165 1.386 0.728 0.018 0.07946 0.00084 0.20471 554 10 492.8 5 806 52 492.8 5.0 11.0 
 
027TV_75 475 4.6 0.4856 0.0087 0.06402 0.00088 0.62359 401.5 6 400 5.4 409 32 400.0 5.4 0.4 
 
027TV_76 436 49.8 0.4857 0.0057 0.06296 0.00046 0.32829 401.7 3.9 393.6 2.8 442 27 393.6 2.8 2.0 
 
027TV_77 468 6.19 0.357 0.024 0.0375 0.0011 0.16191 310 18 237.5 6.9 880 160 237.5 6.9 23.4 Rim 
027TV_77 383 1.649 0.5344 0.0099 0.06772 0.0006 0.5129 434.4 6.6 422.4 3.6 492 40 422.4 3.6 2.8 Core 
027TV_78 721 2.683 0.5872 0.0084 0.07172 0.00064 0.58438 468.7 5.4 446.5 3.8 572 26 446.5 3.8 4.7 
 
027TV_79 211 5.7 0.345 0.017 0.0472 0.0015 0.16231 301 12 297.2 9.4 320 130 297.2 9.4 1.3 Rim 
027TV_79 178 1.95 0.589 0.019 0.0764 0.0014 0.32018 469 12 474.8 8.3 430 69 474.8 8.3 1.2 Core 
027TV_80 277 1.636 0.499 0.017 0.0626 0.0013 0.3468 410 12 391.6 7.6 502 72 391.6 7.6 4.5 
 
027TV_81 287.4 4.83 0.3625 0.0063 0.04999 0.00046 0.26357 313.7 4.7 314.5 2.8 301 40 314.5 2.8 0.3 
 
027TV_82 430.3 10.56 0.4906 0.0065 0.06478 0.00046 0.19399 405 4.5 404.6 2.8 403 32 404.6 2.8 0.1 
 
027TV_83 196.9 2.709 0.553 0.015 0.05552 0.00052 0.27454 445.4 9.4 348.3 3.2 971 52 348.3 3.2 21.8 
 
027TV_84 530 27.7 0.401 0.019 0.0521 0.0021 0.86978 342 14 327 13 435 62 327.0 13.0 4.4 
 
027TV_85 278 1.257 0.5519 0.0094 0.07208 0.00076 0.54043 445.7 6.2 448.6 4.6 423 32 448.6 4.6 0.7 
 
027TV_86 151 0.871 0.54 0.012 0.06586 0.00096 0.37702 438.5 8.2 411.1 5.8 566 47 411.1 5.8 6.2 
 
027TV_87 240.5 7.22 0.4413 0.0091 0.05906 0.00052 0.46704 370.5 6.4 369.9 3.2 365 40 369.9 3.2 0.2 
 
027TV_88 427 4.23 0.5263 0.0073 0.06867 0.00062 0.53694 428.9 4.9 428.1 3.7 433 28 428.1 3.7 0.2   
027TV_89 224.6 4.98 0.371 0.018 0.0499 0.0013 0.37097 320 13 313.8 8.2 354 96 313.8 8.2 1.9 Rim 
027TV_89 935 2.145 0.5723 0.0062 0.07329 0.00046 0.28654 459.3 4 456 2.7 475 24 456.0 2.7 0.7 Core 




1 0.584 0.009 0.07187 0.00056 0.24775 466.4 5.8 447.4 3.4 551 34 447.4 3.4 4.1 
 
027TV_92 285.5 2.31 0.367 0.0098 0.05035 0.00054 0.06612 316.9 7.3 316.7 3.3 307 62 316.7 3.3 0.1 
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027TV_93 338 0.969 0.611 0.011 0.0783 0.0013 0.58819 483.4 6.7 486.1 7.7 467 34 486.1 7.7 0.6 
 
027TV_94 938 18.6 0.4467 0.0064 0.05852 0.00055 0.54691 374.8 4.5 366.6 3.3 423 27 366.6 3.3 2.2 
 
027TV_95 415 4.9 0.3745 0.0068 0.05095 0.00046 0.28949 323.6 4.8 320.3 2.8 332 41 320.3 2.8 1.0 
 
027TV_96 615 1.958 1.447 0.056 0.0671 0.00092 0.57137 904 23 418.6 5.5 2393 55 DISC DISC 53.7 
 
027TV_97 575 28.8 0.5119 0.0089 0.0664 0.00088 0.56148 419.2 6 414.4 5.3 439 33 414.4 5.3 1.1 
 
027TV_98 1324 32.13 0.4522 0.0047 0.0588 0.00052 0.71509 378.6 3.3 368.3 3.2 439 16 368.3 3.2 2.7 
 
027TV_99 1018 12.4 0.571 0.011 0.06321 0.00085 0.56173 458.6 6.8 395.1 5.1 778 30 395.1 5.1 13.8 
 
027TV_100 203.4 0.987 0.633 0.011 0.07784 0.00073 0.19722 497.2 6.5 483.1 4.4 553 38 483.1 4.4 2.8 
 
027TV_101 904 5.61 0.4487 0.0077 0.05749 0.00059 0.13389 376.2 5.4 360.4 3.6 471 41 360.4 3.6 4.2 
 
027TV_102 135.2 2.9 0.356 0.018 0.04726 0.00099 0.24935 308 13 297.7 6.1 350 100 297.7 6.1 3.3 
 
027TV_103 1017 1.84 0.5203 0.0077 0.06767 0.00071 0.53831 425.2 5.1 422.1 4.3 445 30 422.1 4.3 0.7 
 
027TV_104 442 9.36 0.4449 0.0069 0.05648 0.00061 0.47834 373.3 4.9 354.1 3.8 486 31 354.1 3.8 5.1 
 
027TV_105 1141 18.4 0.4793 0.006 0.06177 0.00064 0.60322 397.3 4.1 386.3 3.9 453 22 386.3 3.9 2.8 
 
027TV_106 422 1.163 0.605 0.011 0.07587 0.00063 0.21597 479.9 6.9 471.4 3.8 520 37 471.4 3.8 1.8 
 
027TV_107 118.2 1.408 0.485 0.016 0.0621 0.0011 0.029034 400 11 388.2 6.8 454 83 388.2 6.8 3.0 
 
027TV_108 366 1.788 0.5 0.013 0.06137 0.00066 0.098111 411 8.7 383.9 4 553 62 383.9 4.0 6.6 
 
027TV_109 285.1 0.98 0.5732 0.0089 0.07398 0.00061 0.3527 459.6 5.7 460.1 3.6 452 33 460.1 3.6 0.1 
 
027TV_110 237.2 2.702 0.4632 0.009 0.05935 0.00097 0.093493 386.1 6.2 371.6 5.9 472 54 371.6 5.9 3.8 
 
027TV_111 112.5 1.28 0.41 0.021 0.0515 0.0012 0.27735 351 16 323.6 7.5 510 110 323.6 7.5 7.8 
 
027TV_112 130.5 0.829 0.576 0.011 0.0736 0.0014 0.55247 460.9 6.9 457.5 8.4 485 42 457.5 8.4 0.7 
 
027TV_113 226 3.99 0.336 0.021 0.0433 0.003 0.51335 294 16 273 18 460 140 273.0 18.0 7.1 Rim 
027TV_113 615 1.711 0.5512 0.0068 0.07074 0.00054 0.41189 445.5 4.4 440.6 3.3 469 25 440.6 3.3 1.1 Core 
027TV_114 272 3.78 0.3783 0.0078 0.05175 0.00064 0.46047 325.2 5.8 325.2 3.9 317 39 325.2 3.9 0.0 
 
027TV_115 277 2.46 0.601 0.014 0.07653 0.00094 0.56833 477.1 8.8 475.3 5.6 484 43 475.3 5.6 0.4 
 
027TV_116 295 0.801 0.601 0.017 0.0713 0.0012 0.28871 477 11 444.1 6.9 629 61 444.1 6.9 6.9 
 
027TV_117 712 3.1 0.602 0.013 0.0739 0.001 0.70197 478 7.9 459.8 6 558 32 459.8 6.0 3.8 
 
027TV_118 358 1.43 0.5952 0.0085 0.07492 0.00076 0.34696 473.8 5.4 465.7 4.5 510 32 465.7 4.5 1.7 
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027TV_119 325 3.7 0.5708 0.0096 0.07305 0.00079 0.43052 458.5 6.3 454.4 4.8 467 35 454.4 4.8 0.9 
 
027TV_120 1000 15.6 0.417 0.01 0.05129 0.00093 0.58601 353.6 7.3 322.4 5.7 558 46 322.4 5.7 8.8 
 
027TV_121 253.1 8.67 0.546 0.013 0.0667 0.001 0.34426 441.7 8.7 416.2 6 566 52 416.2 6.0 5.8 
 
027TV_122 155.5 2.95 0.3758 0.0075 0.04923 0.00053 0.22511 324 5.6 309.8 3.3 407 44 309.8 3.3 4.4 
 
027TV_123 292.9 3.95 0.379 0.01 0.05073 0.00068 0.09148 326.2 7.5 319 4.1 375 67 319.0 4.1 2.2 
 
027TV_124 382 4.6 0.424 0.024 0.0473 0.0017 0.29613 358 17 298 11 750 130 298.0 11.0 16.8 
 
027TV_125 132.2 1.193 0.422 0.01 0.0538 0.00054 0.21996 356.5 7.4 337.8 3.3 461 55 337.8 3.3 5.2 
 
027TV_126 208 0.775 0.625 0.013 0.07833 0.00089 0.45848 492.5 7.8 486.1 5.3 498 39 486.1 5.3 1.3 
 
027TV_127 579 7.31 0.338 0.013 0.0449 0.0011 0.75421 295.1 9.8 282.9 6.8 388 68 282.9 6.8 4.1 Rim 
027TV_127 433 
0.662
2 0.565 0.011 0.07248 0.00098 0.494 454.4 7.2 451 5.9 460 36 451.0 5.9 0.7 Core 
027TV_128 338 4.22 0.352 0.011 0.04709 0.00087 0.57283 306 8.5 296.6 5.4 367 58 296.6 5.4 3.1 
 
027TV_129 247.7 1.942 0.388 0.014 0.051 0.001 0.54702 333 10 320.5 6.1 406 68 320.5 6.1 3.8 
 
027TV_130 201.4 0.764 0.59 0.013 0.06172 0.00058 0.1345 469.4 8.1 386 3.5 893 51 386.0 3.5 17.8 
 
027TV_131 749 1.329 0.556 0.0065 0.0708 0.00046 0.10135 448.7 4.2 440.9 2.8 489 29 440.9 2.8 1.7 
 
027TV_132 354 2.26 0.3861 0.0056 0.05267 0.00046 0.31858 331.2 4.1 330.9 2.8 322 33 330.9 2.8 0.1 
 
027TV_133 255 2.83 0.512 0.019 0.0618 0.0021 0.50091 419 12 386 13 600 79 386.0 13.0 7.9 
 
027TV_134 208.4 5.69 0.3994 0.0085 0.05306 0.00057 0.29613 341.5 6.3 333.3 3.5 387 46 333.3 3.5 2.4 
 
027TV_135 705 6.4 0.385 0.017 0.0518 0.0015 0.73649 330 12 325.3 9.5 379 60 325.3 9.5 1.4 Rim 
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